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METEOROLOGY AND THE HIGH 
SCHOOL STUDENT* 


C. HARRISON DwIGHT 
University of Cincinnati, Cincinnati, Ohio 


The present war has increased popular interest in aviation. 
Children fly model airplanes, clubs exist for the prosecution of 
advanced work in aircraft planning and construction, young 
people are enrolled in glider organizations, and still others, 
seeking a pilot’s license, attend ground school at flying fields 
under the auspices of the C.A.A. or of some private corporation. 
We are really somewhat behind the times, for in Europe there 
has been definite governmental encouragement to this interest. 

Flying is extremely dependent upon the condition of the 
weather. Knowledge of this atmospheric state comes not only 
from direct observation by the individual or as ‘“‘read”’ from a 
weather map, but also from an analysis of the previous weather 
and, from that as a base, a forecast of future trends. The strong 
convection currents which help in the creation of thunderstorms 
are the same in kind as those which the operator of a glider uses 
when he soars, which an aviator seeks when he desires to gain 
altitude, and which the sea gull instinctively employs when he 
“floats’’ along on the air “‘wave’’ at the stern of a vessel. So 
vital is a knowledge of meteorology to the avaitor that he cannot 
obtain a license to pilot an airplane until he has passed a com- 
bined examination in navigation and meteorology. 

* The College . Liberal Arts, University of Cincinnati, in October started a four-year course, lead 


ing to the degree of B.A., which is designed to prepare the student for graduate work in meteorology 
The elective courses in the curriculum embrace those mentioned in the body of the paper. 
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In peace times the United States Weather Bureau assumes a 
tremendous task in collecting, analyzing, and disseminating in- 
formation about the weather, and in forecasting future changes. 
This burden is taking on greater proportions as agriculture, 
aviation, commerce, and navigation widen in their scope and 
become more interwoven with the affairs of everyday life. 

What, then, is the relation of the high school, or preparatory 
school, boy or girl to this rapidly growing subject of meteorol- 
ogy? Can an interest be awakened from an aesthetic, even if not 
from a practical, point of view? 

It may be taken for granted that where no such “awakening” 
is possible, and the student does not show any interest in the 
things with which the subject deals, the case is hopeless. How- 
ever, if the pupil has been a Scout, or has otherwise acquired 
both a love for the out-of-doors, and an observing eye for the 
weather, it can be assumed that a beginning has been made to- 
wards creating a desire for serious study. Besides a natural love 
for the outside world about him, the pupil should show marked 
interest in the physical sciences, should enjoy the study of 
geography, and the making of maps, and should be neat and 
accurate in his written and laboratory work. We realize that 
many of the pre-requisites for thorough preparation in me- 
teorology are of college grade. Such subjects are navigation, 
theoretical physics, advanced heat and mechanics, advanced 
mathematics, climatology, hydrodynamics, descriptive astron- 
omy, and some scientific modern language. Nevertheless, there 
are available in practically every high school those materials, 
courses, and probably even the personnel, which would permit 
the carrying out of a very healthy introduction to the study of 
the physics of the air. The work might be done as part of the 
program of the science club which we assume already exists. 
There need be no expensive equipment, and there need be no 
new courses. Instruction is already available in elementary 
mathematics (arithmetic, algebra, plane geometry, plane trig- 
onometry), mechanical drawing, geography, physics, and de- 
scriptive astronomy. A survey course in general science would be 
helpful. Among school equipment doubtless already at hand 
would be a mercurial barometer, a dew-point apparatus, and 
both Fahrenheit and Centigrade thermometers. It would be de- 
sirable if also included were a maximum-and-minimum ther- 
mometer, a weather vane, and an aneroid barometer. One good 
text book on the elements of meteorology, as well as several of 
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the Government publications, would be ample as a meteorologi- 
cal “‘library.”’ (See appended list.) 

In conclusion we may remark that there is no valid reason 
why this very timely and fascinating subject cannot be added 
to the high school curriculum, or at least provided for students 
who wish to avail themselves of its study after school hours. A 
daily weather map on the bulletin board would be a focus of at- 
tention to almost all pupils, especially before outdoor events, 
and a map of cloud forms makes an artistic picture for the wall 
of the science class room. 

The following publications, purchasable from the Superin- 


tendent of Documents, Government Printing Office, Washing- 
ton, D. C., are highly recommended. 


“Weather Forecasting,” George S. Bliss, Bulletin No. 42 W.B.972 $0.10 


“The Weather Bureau,” E. B. Calvert, Misc. Pub. No. 114...... 0.05 
“Codes for Cloud Forms and States of the Sky,” Circular S, 

WEES GOs 6 se dd ic vid Re aaa oie sb Se TREN U Sioa Oe enainas 0.15 
“Code for Protection Against Lightning,” Bureau of Stds. Hand- 

+ ee ee eee ee eer ne ee Pee 0.15 
“Instructions for Cooperative Observers,’ W.B. 843............ 0.10 
Annual subscription to daily weather map (19 X24 in.)......... 3.60 
“Cloud Forms” (chart of 20 standard forms).................. 0.05 
BOURe COOL, CRERNIING GE GUE DUE. cos occ ccesenescscounesenen $4.20 


RULES FOR FIGHTING OFF MENTAL OLD AGE 


Three rules for fighting off oncoming mental old age were proposed be- 
fore the National Academy of Sciences by Dr. George D. Stoddard, Uni- 
versity of Iowa psychologist. They are: 

1. Avoid bad health conditions—nutritional, endocrinal or infectious. 
Such conditions may retard children mentally but they bring adults to a 
full stop. 

2. Avoid the mechanisms of escape from life and reality—retrospection 
and rigidity. These carry you back to more primitive intellectual patterns. 

3. Avoid lack of mental exercise—failure to undertake new abstract 
learning which is as appropriate to adults as school and college are to the 
young. 

You cannot know from any study of your heredity or your childhood 
development just what are the limits of your mental ability, but, by follow- 
ing these rules, you can fight off the forces of mental enfeeblement, Dr. 
Stoddard told the Academicians. Study of records of adult achievement 
may fill the psychologist with hope or despair, depending, not on the objec- 
tive data themselves, but upon his own temperament. “For some,” he 
declared, “‘it is encouraging to note the existence of high scientific and ar- 
tistic attainment in the sixth and seventh decades of life. What men have 
done, they may do again in intellectual as in other spheres.” 








SAFETY EDUCATION NEEDS MET 
MATHEMATICALLY 


MILTON BECKMAN 
Wayne City Schools, Wayne, Nebraska 


This unit for this safety education is called ‘““The Efficiency 
of Automobile Brakes.” It was introduced by getting the pupils 
to talk about speeds which they themselves have traveled or 
accidents which they have seen. Out of the animated discussion 
the following questions emerged: Within what distance can an 
automobile stop traveling at 60 miles per hour? Who are better 
drivers, men or women? What is the cost per day to operate a 
car? What is the velocity of a car in feet per second traveling 
50 miles per hour? 

These questions led the children to such books and pamphlets 
as Man and the Motor Car, Death Begins at 40, Calling All 
Drivers, Lest We Regret. Here they found information 
highly charged with interest, but which told them important 
things they wanted to know in relation to the questions they 
were studying. After the answers to the questions were found, 
the class discussed them. 

The following information gleaned from the above mentioned 
pamphlets and books set the pupils to thinking: 1. If an accident 
occurs while you are driving less than 40 miles per hour your 
chances are only one in 44 that you will be killed, but if you are 
driving over 40 your chances are one to 10 that you will be 
killed. 2. If your automobile makes 18 miles to the gallon travel- 
ing at a speed of 35 miles per hour, it will only travel 13 miles to 
the gallon at 50 miles per hours, and only 10 miles to the gallon 
traveling at 60 miles per hour. 3. It is mathematically calculated 
that if you change the speed of your car from an average speed 
of 35 miles per hour to 65 miles per hour, you save 13.2 hours 
driving 1000 miles, but it costs you $1.20 per hour more to drive 
at the higher speed. 4. Consider for a moment the energy built 
into a car by speed, remembering that energy increases not in 
direct ratio to speed but as the square of the speed. Striking a 
solid object at 25 miles an hour will do a car about the same 
damage as if it had been driven off a two story building. En- 
countering a stone wall at 50 miles per hour will be just as serious 
as if the car had dropped eight stories. 5. A car can make only 
one fourth as sharp a turn at 50 as at 25, one ninth as sharp at 
75 as at 25. 
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After having read statement three from the pamphlet Lest 
We Regret one lad said “It doesn’t cost that much to drive an 
automobile 1000 miles.”’ Another replied, “‘Possibly not but I 
have heard fellows say that it costs $1.00 a day to own a car 
regardless of the number of miles put on.’’ The pupils were asked 
if anyone knew approximately the operating costs of his father’s 
car. Several thought they knew. Costs for gas and oil, repair 
work, new tires, insurance, interest on the investment, tax, and 
so forth were estimated. The car chosen as a base for figuring 
had traveled only 15,000 miles in 3 years. With estimations 
roughly made and usually made lower than pupils had esti- 
mated it was found to cost 78¢ per day to operate the car. For 
the next day’s assignment each pupil went home and inquired 
about the cost of operating his father’s car. 

Everyone has heard or read automobile advertisements claim- 
ing that the brakes would stop a car running 40 miles per hour 
within a space of 25 feet. Doubtless chances have been taken 
and lives have been lost because of this false notion. No car 
running 40 miles per hour on an ordinary paved road can be 
stopped in 25 feet, nor in that distance quadrupled. Also, it 
should be noted that the value of D—the minimum stopping 
distance—depends on the square of the car’s velocity. A car 
going 60 miles per hour requires four times the stopping distance 
of one traveling 30 miles per hour. A car going 60 miles per hour 
requires nine times the stopping distance of one traveling 20 
miles per hour. The reader is reminded that all the figures given 
are usually found if everything considered is in perfect condition. 
Many factors which are variable must also be considered. 

Using the formula D=V?/2r* one can find the “braking dis- 
tance’’ of cars at different speeds. In the formula v represents 
the velocity or speed at which the automobile is traveling and 
r the retardation. These two facts are expressed in feet a second. 
D is the “‘braking distance”’ or the distance in feet within which 
a car can be stopped. No two cars have the same retardation; 
hence, no two cars can be stopped in exactly the same distance. 
The retardation depends upon the structure and condition of the 
brakes; also, of course, on the kind and condition of the road. 
But by using 22 feet per second for retardation and one second 
for reaction time, a number of ‘‘stopping distances”’ were found 
and graphed, approximating those stopping distances found in 


* Brueckner, Farnam and Woolsey. Algebra for Use. The John C. Winston Company, Chicago, II. 
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The Automobile User’s Guide, a Handbook for Pontiac Owners, 
1936. A graph may be found of the ‘reaction distances,” “braking 
distances” and ‘‘stopping distances” of cars at different speeds 
on page 860 of this guide. An identical graph as found in this 
guide is found in College Physics by Arthur L. Foley. All this 
material was brought in by the pupils. 

Before one uses the formula d=v*/2r one must find the dif- 
ferent speeds in feet per second. This is accomplished by mul- 
tiplying the number of miles per hour by 5280. The answer is 
now in feet per hour. This result is divided by 60 giving feet per 
minute. Again dividing by 60 we get feet per second. If cancella- 
tion is used the process is very much simplified. The velocities 
in feet per second of speeds 30, 60, 90, and 120 miles per hour 
come out in whole numbers 44, 88, 132, 176 respectively, but 50 
miles per hour is equivalent to 73} feet per second. If the reac- 
tion time is ¢ second, the reaction distance is found to be 55 feet. 
The reaction time can be taken as 3, 2, or $ of a second or any 
other fraction may be used. This affords the most efficient drill 
in the multiplication of fractions. If drill in decimals is needed 
change 4 to .5, } to .75 and continue. Following this procedure 
Table I is developed. 


TABLE I 


| This is the distance your car will go in feet 
If your wis ‘ ; 
reaction | at 20 | at 30 | at 40 | at 50 | at 60 | at 70 | at 80 








ss | m.p.h. | m.p.h. | m.p.h. | m.p.h. | m.p.h. | m.p.h. | m.p.h. 
iam | BB) ST Wl maT | 128 | 14% 
Asec. | 72 | 11. | 143 | 18% | 22 | 253 | 293 
gsec. | 11 | 16h | 22 | 274 | 33 | 383 44 
dsec. | 143 | 22 | 208 | 363 | 44 | Sik | 583 
§ sec. 183 | 27} | 363 | 458 | 55 | 643 | 733 
2sec. | 22 | 33 44 | 55 | 66 77 88 
gsec. | 25% | 38% 514 | 644 | 77 895 1023 
Isec. | 293 | 44 | 583 | 734 | 88 | 1023 | 1173 





The distance a car will travel from the point where the driver first per- 
ceives danger to the point where he gets his foot on the brake pedal is 
shown by the table above. This distance is known as “reaction distance.” 


Next the “braking distances’ are computed and tabulated 
as in Table II. Further drill in fractions is accomplished by 
completing this table. Let us take 50 miles per hour for illustra- 
tion. In Table I we find the number of feet per second for 50 
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miles per hour to be 734 feet. Substituting 73} feet for v in the 

formula d=v?/2v we find the “braking distance”’ to be 122 feet. 
“Braking distance”’ plus “‘reaction distance”’ equals “‘stopping 

distance.” Here the pupils get drill in addition of fractions. 


TABLE II 
STOPPING DISTANCES 
Under most favorable road conditions 














— This is ‘‘Re- This is This is “Total 
(Miles ( arene ent | action-Time “Braking | Stopping 
Per Hour) — 1) Distance” | Distance” Distance” 
Second) (Feet) (Feet) (Feet) 
| 
20 293 22 19% 41§ 
30 44 33 44 77 
40 583 44 788 122% 
50 731 55 1228 | 1778 
60 88 66 176 242 
70 1023s 17 2398 3168 
80 1174 | 88 312% 400% 














One day may well be spent by having the pupils make a graph 
of the ‘“‘stopping distances”’ of cars traveling at different speeds. 
This graph would also show the “reaction distance” and “‘brak- 
ing distance.’”’ No branch of mathematics has developed recently 
in popular use as has statistics and statistical graphing. Here is 
an opportunity to put meaning into a graph. 

In carrying out the unit one need not be hesitant because of 
lack of materials. The following were suggested or brought in by 
pupils: 

1. One girl wrote to Foster May, Radio Station WOW, and 
received a copy concerning driving statistics which was used on 
their news period, Sunday, March 3lst, at 3:15 P.M. 

2. Howard Hughes traveled 8076 miles in 50 hours, 15 min- 
utes. How fast did he travel in miles per hour and feet per 
second? To find Hughes’ rate you use the formula d=rt. 

3. Jesse Owens has the world’s record of running 100 yards in 
9.4 seconds. How fast is this in miles per hour? Here one can use 
pupil’s records too. 

4. John Cobb (English Sportsman) traveled 370.75 miles per 
hour in an automobile. 

(a) How long will it take him to drive one mile? 

(b) How many miles will he travel in one minute? 

(c) How many feet will he be traveling per second? 
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The pupils may use the World Almanac and find many other 
records. The material to be found is inexhaustible. 

“Modernizing mathematics,’ ‘functional mathematics,’ 
“motivated mathematics,” or other such names have been capi- 
talizing headings of recent articles. Regardless of names, all of 
us are striving for the same goal—make mathematics more 
meaningful. We agree now that our high school mathematics 
should be made more useful, more meaningful, but it is about 
time to teach it so it does have more meaning for our boys and 
girls. It seems to me all this discussion on meaningful mathe- 
matics is like dropping chemicals into a test tube. It is or should 
be dropping ideas into a brain. There should be reaction, some 
kind of explosion. 

By units of this type teachers can meet the critics of mathe- 
matics who say that our boys and girls are still asked to under- 
take work in mathematics in which they have little interest and 
in which there is little expectation that they can find utility or 
satisfaction. Concerning fractions, the new approach creates the 
needed fresh interest in an otherwise hackneyed subject. The 
formula has been correlated with the automobile to the full 
extent. 

The pupils were given an opportunity to analyze a graph and 
look at its meaning, make it more vital, and finally safety has 
béen emphasized. 


’ 


FLAME TESTING 
Dick BATEMAN AND BERTRAM DINGLE 
Students, Pietraycki High School, Dayton, Washington 


The use of platinum wire in flame tests for metals, has the disadvantage 
of allowing too little of the solution to adhere to its surface. In consequence, 
the distinguishing flame of the vaporized metal disappears so quickly that 
it is necessary to make a very close scrutiny of the burner flame to see it. 
This difficulty may be partially overcome by the use of wooden splints or 
match sticks which have been immersed in the solution to be tested. When 
placed in the flame, the coating burns for several seconds before the wood 
reaches kindling temperature. The great increase in duration of the flame 
permits much easier identification of the metal in question. The method 
also has the advantage of dispensing with the use of hydrochloric acid. 
Results seem satisfactory for most high school laboratory work. 

















THE SWING OF THE CHEMISTRY PENDULUM 


WILLIAM ALBERT EARL WRIGHT 
State Teachers College, Shippensburg, Pennsylvania 


History of education in the United States points out that the 
introduction of chemistry into the curricula of the academies 
and early high schools was suggested by the practical implica- 
tions of the subject.! Before the end of the 19th century, the 
major emphasis in chemistry was pointed towards formal or- 
ganization of the subject and the emphasis of theory rather than 
application. 

Today, those individuals responsible for the development of 
senior high school curricula have three major alternatives to 
pursue with regard to the senior high school offering in chemis- 
try. The first alternative would involve the offering of a course 
in chemistry with major emphasis on applied or practical chem- 
istry as suggested by Curtis? and others. The second alternative 
would include the offering of a fused or integrated course in 
physical science as suggested by Peterson*® and others. The third 
alternative would comprise the offering of a course in chemistry 
designed to offer background or technical foundation for pro- 
fessional courses. The consumer aspect of chemistry, as sug- 
gested by Crew, Weaver,® and others, may be incorporated into 
the subject matter offered in any of the above alternatives. 

It is not the purpose of this article to deal with the advan- 
tages or disadvantages of the first two alternatives but rather to 
reason in support of retention and extension of the third alterna- 
tive. At this juncture, lest I be misinterpreted, I wish to state 
that I am not opposed to change and neither am I unaware of 
certain desirable alterations in the senior high school chemistry 
course. 

The principal reason for the existence of the first two alterna- 
tives is the result of strong pleas to meet the economic, personal 
and social needs of high school students,® students who probably 

1 Noble, Stuart G. A History of American Education. New York: Farrar and Rinehart, 1938. 

2 Curtis, William C. ‘Making High School Chemistry Practical.” Scnoot ScreNCcE AND MATHE- 
MATICS, 39, 234-238 (March 1939). 

? Peterson, Shailer A. “Advocating a Fusion of Chemistry and Physics.” Scoot ScrENCE AND 
MatHemartics, 37, 449-457 (April 1937). 

4 Crew, M. C. “The Teaching of Consumer Chemistry.” Scnoot ScrENcE AND MATHEMATICS, 39, 
545-551 (September 1939). 

5 Weaver, E. C. “The Consumer Aspect of Chemistry Teaching,” Journal of Chemical Education 
17, 193-195 (April 1940). 


* Nelson, T. A. “‘The Future of Chemistry as a Specialized Science in the High School Curriculum,” 
Journal of Chemical Education, 18, 143-144 (March 1941). 
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will be unable to attend college. Provision for those pupils who 
probably will be unable to attend college is an entirely justifi- 
able, legitimate and democratic procedure. On the other hand, 
it is also an entirely justifiable, legitimate, and democratic 
procedure to afford the opportunity of pursuing a high school 
chemistry course designed to offer a technicai foundation to 
those pupils whose future plans depend upon the possession of 
the knowledge of the fundamental theories and other pertinent 
information therein contained. 

At this point, I wish to present a plea for the consideration of 
the needs and interests of three groups of individuals. Fre- 
quently, we are prone to “lean over backward”’ in adapting a 
course or curriculum to the needs of the majority and fail to 
effect provision for the needs of the minority. Let us not decline 
to provide, in the high school chemistry course, for the minority 
who will become professional chemists and leaders in the fields 
of chemical analysis, manufacture, and research; for those in- 
dividuals who require a substantial knowledge of chemistry as a 
background in their chosen professions; and for those individuals 
who will be aided in the pursuit of their careers, non-professional 
in nature, by a more technical knowledge of chemistry. 

Provision for the three groups of individuals mentioned above 
would necessitate the retention of at least one section of chem- 
istry, in high schools, designed to provide a technical foundation 
for professional courses. Another section or sections of chemis- 
try could be provided also, for those persons who are interested 
only in securing a cultural or utilitarian knowledge rather than 
a technical knowledge of chemistry. Thus, opportunity would be 
provided for the high school students to elect the particular 
chemistry course which will best provide for their interests 
abilities, and future vocational plans. The tenets of modern 
democratic education are sufficient precedent for such modifica- 
tion of the high school chemistry course. 

I am entirely aware of the fact that many high schools are 
now Offering differentiated courses in chemistry but it is my 
contention that even high schools of moderate size could and 
should offer differentiated courses in chemistry for election by 
the members of their student bodies. 

I also contend that even high schools of moderate size 
could and should offer, for the benefit of the three groups of in- 
dividuals previously mentioned, an elective advanced course in 
chemistry covering a period of one year and based on the type 
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of subject matter offered in the third alternative as a pre- 
requisite. Such a course could quite properly be partially 
adapted to the interests and future vocational plans of the in- 
dividuals electing the course. 

Many high school students are definitely as capable of pur- 
suing an elective advanced course in chemistry as students in the 
gymnasia, lycees, and other European secondary schools. The 
tenets of modern democratic education are likewise sufficient 
precedent for the extension of the high school chemistry course 
to two years. The knowledge and techniques so acquired could 
be of infinite value during the pursuit of the study of chemistry 
in the junior and senior colleges since these institutions would 
have the opportunity of offering, in the freshman year, advanced 
work in the field of inorganic chemistry or to cover desirable 
topics frequently neglected in the usual inorganic chemistry 
course. Through the elimination of study of topics included in 
the usual college inorganic chemistry course, useless duplication 
could be avoided by those individuals who have pursued the 
study of two years of chemistry in high schools. 

The addition of the second year of chemistry to high school 
curricula would provide valuable and practical training to those 
individuals who do not contemplate entering college but who in- 
tend to pursue careers in which the additional year of chemistry 
would prove useful. 

Three points of view have militated against the extension of 
the offerings in chemistry in high schools. School administrators 
have opposed the offering of a second year of high school chem- 
istry because of the extra expenditures involved. The necessity 
of meeting college pre-requisites and college entrance require- 
ments as well as the fact that college admission officers have 
been loathe to accept the second year of high school chemistry 
for entrance to college. Some college professors of chemistry 
have advised against high school students pursuing the second 
year of chemistry because of the duplication involved during the 
study of chemistry during the freshman year of college. It would 
appear that these three points of view could easily be reconciled 
so that the second year of high school chemistry could be offered 
as an elective subject to those who wish to pursue the study of 
this subject. 

In closing, I wish to plead for the retention of a basic high 
school section or sections of chemistry designed to provide a 
technical foundation and provision for an elective second year 
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course of high school chemistry, even in high schools of mod- 
erate size, regardless of the alterations thought necessary for 
those students who desire only a cultural or strictly utilitarian 
knowledge of chemistry. 





WHY TEACH BIOLOGY? 


JouN E. SHoopP 
New Rochelle High School, New Rochelle, New York 


The purpose of all education is to make desirable changes in 
the individual. Changes are the results of experience, and school 
subjects aid in making these changes with the greatest facility, 
the curriculum providing a selected environment. In this cur- 
riculum there are certain objectives which are set down by edu- 
cational philosophers which should produce the experiences in 
the life of the child that will give him the best possible results. 
The individual to be successful must be continually adjusting 
himself to his environment, both in and out of school. While the 
child is in school he is introduced to a systematized group of 
experiences which aid him in this adjustment process. 

One of the subjects to which the child is introduced in his 
school career is biology. In recent years the trend of thought has 
been that it is the business of education to take the child and 
bring him along as rapidly as possible through the stages of 
savagery and primitive civilization to the thinking of the twen- 
tieth century. In doing this biology must do for the child in- 
dividually in a few short years what it has taken centuries to do 
for the entire race. It must separate fallacies from true scien- 
tific thought. 

The main objective of all courses of study is to teach the 
pupil to think. The best method of making the child think is 
through a problem solving attitude, and no subject deals more 
with problem solving than biology. The biology curriculum 
should be so adjusted that it facilitates the study of those truths 
that have within them the greatest chance for influencing hu- 
man thought and actions. It should give a working understand- 
ing of the manner in which organisms are adapted for life in 
their physical environment; of the interdependence of organisms, 
of the manner in which natural forces are continually changing 
the surface of the earth; of the relation of the earth and other as- 
tronomical bodies ;of a conception of the cause and effect relation. 
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The course of study of biology should have for its general aims 
and purposes the acquisition of knowledge of that subject, the 
development of skill in thinking in that subject and in allied 
subjects, and an appreciation of natural phenomena that will 
lead the student to acquire an intellectual taste which will carry 
him into allied fields of interest beyond the specific limits of the 
course. The development of these aims should create the habit 
of scientific thinking, which results in independent intelligent 
action on the part of the student which will be of benefit to him- 
self, his parents and the race. 

The importance of health should be presented through the 
study of statistics to show how the earning capacity of individu- 
als is impaired by poor health; how the health of the parent can 
influence the health of the child; how the death rate increases 
because of epidemics, unsanitary living conditions, floods, fam- 
ines, and wars. A study should be made of such common dis- 
eases aS pneumonia, influenza, tuberculosis, gonorrhoea, 
syphilis, typhoid fever, malaria, trichinosis, etc., their methods 
of prevention, contagion, and immunity. To develop better 
health habits in the individual a detailed study should be made 
of the structure and function of the human body in relationship 
to its environment. This should show the students that perfect 
coordination between the various organs and systems of the 
body is necessary for perfect health. 

In order to create a better appreciation of the human body in 
its correlation with other animals in its environment, dissections 
of such animals as frog and fish should be made. Actual per- 
formance of laboratory experiments develops in the mind of the 
student a confidence in the laws of cause and effect, because this 
teaches him to draw correct conclusions on the basis of observed 
facts. The development of this scientific attitude of mind causes 
the student to question and test the outstanding superstitions 
which have been handed down as facts. When enough of these 
have been tested he develops a command of fundamental proc- 
esses which becomes a time-saving device in reaching correct 
conclusions about other similar situations. It also teaches him to 
challenge facts as stated unless there is a scientific basis for the 
conclusion drawn. 

Because of the wide scope of this subject such allied fields as 
bacteriology, forestry, cytology, genetics, animal husbandry, 
zoology, botany, physiology, anatomy, paleontology, pathology, 
embryology, ecology, chemistry, anthropology, cosmogony, hy- 
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giene, euthenics, eugenics, taxonomy, geology, can be investi- 
gated by the student, and thus he can determine the interest 
which will be best adapted to his abilities and capacities to fol- 
low as a vocation. At the same time the allied fields point out to 
him the importance of the correlation between his specialized 
field and the generalized fields in that work. Vocations that can 
be followed from sampling the fields mentioned above are: medi- 
cine, horticulture, forestry, biological research, animal breeding, 
teaching, biological chemistry, bacteriology, pharmacy, home- 
making, nursing, taxidermy. 

In the study of these allied subjects the student becomes inti- 
mately acquainted with the individual scientists who have 
worked industriously to make their contribution to the progress 
of science without material gain. The study of the lives of emi- 
nent scientists and their great contributions to society inspires 
the student to an unprejudiced eagerness in the search for truth, 
and impresses upon his mind the humanitarian aspect of biolog- 
ical research. 

While each student is investigating his vocational field he 
necessarily comes in contact with the allied fields to the sub- 
ject of his major interest. Since it is impossible for him to spe- 
cialize in all the fields connected with his primary interest, he is 
ied to investigate those of secondary interest more as a hobby or 
as an avocation. For example, the collection of fossils might be 
an outgrowth of interest in the field of geology; an interest in 
the collection of rare and antique textbooks might be fostered by 
research in any of the fields of biology; the study of bird life and 
photography might come from work in botany; the study of 
flora and fauna in their natural habitat might grow out of an 
interest in forestry. And thus through the promotion of these 
leisure time activities the student should develop an aesthetic 
and intellectual appreciation of factors of his environment other 
than those concerned with economics. 

The study of the interdependence of living organisms should 
impress upon the mind of the student the fact that it is neces- 
sary for him as an individual to cooperate with other members 
of society to form a better social order. This makes him a better 
and more valuable citizen because now for the first time he is 
interested in the struggle for existence as a problem confronting 
the group as well as'the individual, and therefore he uses the bio- 
logical viewpoint in the solution of social and civic problems. In 
realizing this fact he has impressed upon his mind, and in turn 
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impresses upon the minds of others, the importance of the con- 
servation of natural resources; because he realizes that he is a 
member not only of his own small social unit—the family, the 
community, or even the state—but because of the interdepend- 
ence of all living things he is a member of a universal society 
which comprises all the peoples of the world regardless of race or 
national affiliations. He realizes that conservation of natural 
resources in any portion of the world will benefit society as a 
whole, but that waste of these same resources will ultimately af- 
fect him as an individual. 

Furthermore, if the individual does not realize that ethical 
conduct in society is necessary he upsets the balance of nature 
not only in his own environment, but also in the environment of 
all those organisms with which he comes in contact. For example, 
if the individual does not obey the laws of sanitation or commu- 
nity hygiene he becomes a source of infection which may not only 
destroy him, but may even create an epidemic which will de- 
stroy many individuals in his environment. Again, if he disobeys 
the laws of race preservation or reproduction in stressing the 
production of quantity instead of quality, the quantity may 
become a drain upon the natural resources of the race and may 
put the race at a disadvantage because it upsets the balance of 
nature. 

The biology curriculum should be so adjusted that it pro- 
ceeds from the less difficult to the more difficult. In doing this, it 
creates knowledge, skill in thinking, and appreciation. It offers 
the acquisition of scientific knowledge, ideas and ideals that 
make for worthy home membership and citizenship; at the same 
time it offers an intelligent choice of a vocation and an avoca- 
tion. It aids in the establishment of the fundamental process of 
scientific thinking; that is, thinking to correct conclusions on the 
basis of observed facts and carrying these conclusions over into 
action. It also develops aesthetic and intellectual appreciation 
of the commonplace environment. , 


Experimental Science, the sole mistress of speculative sciences, has three 
great prerogatives among other parts of knowledge: First, she tests by 
experiment the noblest conclusions of all other sciences. Next, she dis- 
covers respecting the notions which other sciences deal with, magnificent 
truths to which these sciences of themselves can by no means attain; her 
third dignity is that she by her own power and without respect of other 
sciences, investigates the secrets of nature.—Roger Bacon. 








A RUNNING ACCOUNT OF A FIFTY MINUTE 
CLASS IN 9TH GRADE GENERAL SCIENCE 


HAZEL SEGUIN 
State Teachers College, Superior, Wisconsin 


OBJECTIVES 


1. To find out to what extent the children have a scientific 
attitude and to help them develop one. 

2. To set the stage for learning the conditions necessary for a 
seed to germinate. 


TEACHER: We are going to need some small plants for a unit 
we'll be studying in about three weeks, and I thought it would 
be nice if you people would plant the seeds and care for the 
plants. That is why I assigned you the problem I did for today. 

What is our problem? 

MURIEL: To find out what conditions are necessary in order 
that seeds germinate. 

T: Germinate is a new word. I’d like to know what that 
means. 

LESLIE: Development of seeds. 

T: Where did you find that meaning? 

LESLIE: I asked Mr. Hartwig. 

T: That’s one answer. What did you find it meant, Muriel? 

MURIEL: Begin to grow. 

Tt: Where did you find your information? 

MURIEL: I went to the dictionary. 

T: Has anyone else another idea as to what that word means? 

DALE: Development of plants. 

tT: Dale, where did you get your information? 

DALE: I just thought it up. 

T: Is that a very reliable way to find out new information? 

DALE: No. 

T: If that fern in the window grows, would that be germina- 
tion? 

CLASS: No. 

T: But that’s what your definitions say. Muriel said that it 
meant to begin to grow, and Leslie said that it meant to develop. 
Where do scientists get their information? 

MURIEL: Experiments. 

T: Would they go to the dictionary? 

MURIEL: Yes. 
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T: Would they depend on the information they found there? 

MURIEL: No. 

T: Leslie, would they ask anyone, Mr. Hartwig, for instance, 
for their information? 

LESLIE: No. 

T: But some things are difficult to find out by experimenting. 
It takes too long and is too complicated. In that case what would 
scientists do? 

BILL: They would go to someone. 

T: But would they be careful to whom they went? 

BILL: They would go to a specialist. 

Tt: What about a dictionary? Muriel says, ‘Yes.’ Did you go 
to a large dictionary or a small one, Muriel? 

MURIEL: A small one. 

Tt: The reason that I asked is that the big dcitionaries have 
more scientific terms than the small ones. Did you find any 
other meanings beside what you gave us? 

MURIEL: Yes, farther on it said to develop or sprout. 

T: You see it is well when looking up the meaning of a word to 
read all the meanings given for it. What does sprout mean, Mu- 
riel? 

MURIEL: I do not know. 

T: Because you people didn’t get very good information, I’m 
going to tell you my meaning of the new word, which is the 
meaning you would have found in a botany textbook. Germina- 
tion is the growth of a seed from the time when it first starts to 
break its coat and begins to grow until the plant is able to make 
its own food. A plant is able to manufacture its own food when 
it has a few roots and green leaves. Now I asked you to find out 
what conditions are necessary in order that a seed germinate. 
Harold, what did you find? 

HAROLD: Needs good soil. 

DALE: It doesn’t need soil. They started to grow in sawdust 
when I planted them before. 

T: We'll put these different ideas on the board. 

HAROLD: They need sunlight and water, too. 

DALE: They don’t need sunlight. How can it get sunlight way 
down in the dirt? But it does need water. 

T: Do they need water, Dale? 

DALE: Well, I’ve grown them in blotters. 

T: Douglas, what conditions do you think they need? 

DOUGLAS: They just need water. 
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T: Muriel. 

MURIEL: Soil to suit the seeds. 

T: They have to have soil? 

MURIEL: Yes, and moisture, sunlight and warmth. 

T: Where did you get your information? 

MURIEL: From a book on gardening. , 

T: Is that an authentic source? 

CLASS: Yes. 

T: Is the title enough to tell us that it is an authentic source? 

HAROLD: No. What is inside it. 

T: Would that tell you whether it was good information or 
not? 

BILL: You would have to know who wrote the book. 

T: Yes, you must know what the author has done to show that 
he knows what he is writing about. Curtis, do you have a dif- 
ferent list? 

cuRTIS: No. 

T: Does anyone else have a different list? 

jim: The plant has to live on the seed after it has sprouted. 

T: Are you answering our question? 

jim: No. 

T: Suppose you do answer the question, Jim. 

jim: Well, they need warmth and moisture. 

T: Does anyone else want to hazard a guess? In looking over 
these lists, it seems to me there is something we do not have. I 
think seeds might need one more thing. 

DALE: Air. 

T: That is just what I was thinking of. 

DALE: Put that in my list. 

T: We see that there is a varied opinion as to the answer to 
our problem. 

(These have been written on the board during the discussion) 


Muriel Jim Harold Dale Douglas 
soil water good soil water water 
warmth warmth sunlight air 
moisture water 
sunlight 


T: How should we find out which of these answers our prob- 
lem, which is the correct list or what conditions really are neces- 
sary in order that a seed germinate? 

DALE: Try it out. 

T: Is that what scientists would do? 
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CLASS: Yes. 

T: How would you do that? 

Britt: Each one of us plant seeds using the conditions we 
named. 

T: Each one test all his list in the same experiment? 

MuRIeE-: No, one at a time, each one in a separate container. 

T: Suppose we work these out now. Curtis and Leslie, sup- 
pose you take the problem to find out whether soil is necessary. 
Dale and Harold, you take sunlight. Muriel, you take air. But 
before we set these experiments up, I’d like to call your atten- 
tion to your assignment for tomorrow, on the board. After 
thinking about these points carefully, you are to fill in the blanks. 
Some of these, the last two, will have to wait for a week or ten 
days to be filled in. I’ll give you a few minutes now to copy the 
assignment. When you finish copying this, talk quietly to the 
person with whom you are going to work out your experiment 
and decide on just how you'll do this. 


ASSIGNMENT ON THE BOARD 


1. My problem is to find out____ 


2. My present information on this question i a 


My guess is that (this is) or (this is not) correct. 
i will test my guess by doing: (Tell how you set up your r experiment. ) 
I will make careful observations. This is what happened. __ 


Un he Ww 


,» 6. My conclusion is: 


T: Now let’s have the attention of everyone, and I'd like to 
have you show us how you are going to solve your problem 
Dale, will you and Jim tell us what you have decided to do and 
then come up to the table and set up your experiment. 

DALE: Plant one seed in a bottle darkened with a blotter and 
one seed in a bottle that is not darkened. 

[: Will it be dark enough? 

BILL: But the heat will go through. 

T: We’re not testing heat this time, and the heat wouldn't 
be strong enough to give off light, would it, Bill? We have three 
different kinds of seeds: peas, beans, and soybeans. I wish you'd 
explain what you are doing as you are working. Is he doing what 
he should do, Bill? Dale is assuming seeds need only sunlight. 

DALE: No, they need water, too. We’d better water them 

T: That’s fine. Curtis and Leslie, will you fix yours now? 
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What are you going to test for? 

LEsLIE: Soil. 

T: Curtis, you tell us what you are going to do. 

CurtTIs: Put one in a jar with soil and one in a jar without 
soil. Guess we’ll use sawdust. 

T: Watch these boys and see if they use anything else beside 
soil. 

BILL: They both used water. 

T: What do you think? Will they grow without water? 

Crass: No. 

DALE: They should have the seeds in the middle of the bottle 
so roots will have room to grow down. 

T: That’s a good idea. How much water should they use? 

MURIEL: Just so that the sawdust will be damp. 

T: Where are you going to put the seeds? 

LESLIE: On the window sill. 

T: Muriel, do yours next. What are you going to test for? 

MuvRIEL: Air. I’m going to put some seeds in a vacuum and 
put some other seeds in the same conditions, except that they 
can have air. 

T: Yes, we could do that, but it is a little hard to get a vacu- 
um, so you might use this little bottle. It is so small that the 
seed will soon use up the oxygen in it. 

MURIEL: Have you any soil? 

T: Does it make any difference about the kind of seed? What 
difference do you think it would make? 

DALE: Different seeds grow faster. You should use the same 
kind of seeds for both bottles. 

T: Should she use soaked or unsoaked seeds? Why? 

Jr: There is air in the water. 

T: She is not covering up the seeds. Should she? 

Crass: Yes. 

T: Bill and Jim, you are next. What are you going to test for? 

BiLL: Warmth. 

T: How are you going to do this? 

BILL: Use the radiator and the window sill. 

T: Is that all? 

Jim: Let’s use a snowbank, too. 

T: What do you think of the snowbank? 

BILL: They wouldn’t grow. 

T: Are you sure? 

Crass: Test it. 
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T: All right. Jim, you put one jar in the snowbank next to the 
building on your way home. 

We have one more, Douglas and Harold’s. They’re testing 
for moisture. What are you going to do? 

Dovuctas: Get two jars with sawdust in them. 

T: Notice he’s using dry seeds. 

DALE: Can he use two kinds of seeds? 

T: Muriel, what would you say about that? 

MuRrIet: Yes, if he uses both kinds in each of the bottles. 

T: I almost forgot to tell you. Looking at my calendar last 
night I noticed that there is a new moon tomorrow night. I 
wonder whether we should have waited until tomorrow to plant 
these, because I’ve heard that seeds should not be planted dur- 
ing a waning moon. 

Jim: Naw. 

Briv: I’ve never heard that. 

MuRIEL: I’ve heard it’s false. 

T: They used to say seeds should be planted when the moon 
is growing larger. We are going to be testing it because we’re 
planting at the wrong time. 

(The bell rings.) 


PUERTO RICO TO RAISE VANILLA, SPICES, QUININE 
AND OTHER TROPICAL PRODUCTS 


Vanilla, spices, quinine and other tropical products are scheduled for 
production in Puerto Rico. Research now under way at the Puerto Rico 
Agricultural Experiment Station indicates that the island can solve many 
of its economic problems by diverting part of its farming effort to the 
growing of these special crops. A fund of $41,000, set aside by the Works 
Progress Administration, is being used in large-scale field experimentation. 

Vanilla is regarded as a crop of particular promise for the island, the 
more so since much of the vanilla now imported into the United States 
comes from poorly selected vines grown by more or less hit-or-miss meth- 
ods. Besides finding better and more productive strains of vanilla vines, the 
researchers in Puerto Rico are devoting themselves to the selection of 
stronger trees needed for their support. 

Spices being tried out under the new program include allspice, nutmeg, 
cloves, and cinnamon. Another tropical product is quinine, now raised 
almost exclusively on East Indian plantations, and hence subject to sudden 
interruption in case of war. 

Bamboo of new and better varieties is being introduced into the island. 
This plant of a thousand uses is long familiar to Puerto Ricans, but the 
species they have been growing has become badly infested with destructive 
boring insects, so that it has become necessary to find new, insect-re- 
sistant kinds. 








A SIMPLE OPTICAL DEVICE FOR DEMONSTRAT- 
ING THE CONIC SECTIONS 
EVERETT H. HuRLBURT 
Fenn College, Cleveland, Ohio 

Most mathematics teachers have at times been faced with the 
task of setting up a mathematics exhibit or display in connec- 
tion with an open house or similar program. In preparing such an 
exhibit use is commonly made of graphs, charts, posters, and 
models made of wood, wire, and various plastic materials. Now 
these things are all worth while, and contribute to a mathe- 
matics display, but they all share a common weakness. They are 
all quiet and immobile and produce an entirely passive reaction 
upon the visitor, for there is no motion to catch his eye, no 
activity in which he may participate beyond that of a mere ob- 
server. Thus, the mathematics exhibit seems dull and colorless 
and the guests at open house soon turn their attention to the 
more spectacular display of the physics department and the 
mathematics display is well nigh deserted. 

To provide something which would catch the visitor’s atten- 
tion and in the operation of which he could participate, the 
author constructed the device described below for the mathe- 
matics exhibit of the Fenn College open house program. 

The principle is a very simple one, namely: if a conical beam 
of light is intersected by a flat screen, an image of a conic sec- 
tion will be projected on the screen, the character of the image 
changing as the angle the screen makes with the axis of the 
conical beam is varied. The device consists of three essential 
parts, a lantern to project a conical beam, a rotating screen, and 
an enclosure to contain these two and to cut off most of the 
extraneous light so that the image on the screen will be clearly 
seen. 

The enclosure was made in the form of a wooden rectangular 
box 16” 103” X72” with walls 3” thick, the bottom being left 
open. This was fastened, open bottom down, as shown in the 
figure, by hinges at one end and hooks at the other to a wooden 
base 19” x8” and 4” thick. This arrangement makes the lantern 


justment and replacement of its bulb. A rectangular opening 
5” X 2” was made in the top of the box so that the screen could be 
readily viewed by several persons at once without at the same 
time admitting too much extraneous light. 
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The screen consisted of a piece of heavy white Bristol board 
85” X62” fastened in its middle by two small screws to a hori- 
zontal axle made of a piece of 3” dowel 83” long. The central 
portion of the dowel for a distance equal to the screen width 
was cut and filed flat on one side so as to provide a better bed 
for the screen and to permit it to turn about the true axis. The 
extremities of the axle passed through 4$#” holes on opposite 
sides of the box and midway between top and bottom and 53” 
from the end as shown in the figure. The far end of the axle was 
held by a washer and cotter pin. A discarded radio dial of the 
old fashioned type was attached to the front end of the axle. A 
scale was provided indicating at what places one could “‘tune in” 
a circle, ellipse, parabola, or hyperbola. 

The lantern was made from a cylindrical tin can 4” long and 3” 
in diameter of the sort used for candy mints. Within the can an 
L-shaped support cut from sheet iron was erected. To this was 
fastened a miniature lamp socket in which was placed a type 
No. 222, 2.2 volts for 2 ““AA” cells, miniature lamp of the kind 
used in “‘pen-lite” flashlights. This type of bulb is pear shaped 
and thickened at the end to provide a sort of built in lens and 
will project a roughly conical beam. In order to provide a suit- 
ably sharp conical beam a circular diaphragm is needed. If one 
has a lathe and machine tools available the construction of the 
diaphragm presents no problem. However, it was found difficult 
to cut true inside and outside circles with home tools, so resort 
was made to the use of iron washers. Two of these were ob- 
tained, one having an outer diameter of 2,5” and an inner 
diameter of +%”, the other having an outer diameter of }” and 
an inner diameter of #,”. Thus the smaller washer would fit 
inside the hole of the larger leaving a narrow ring shaped opening 
between them. Two holes were drilled through the larger washer 
in order to bolt it to the cover of the tin can, a roughly circular 
hole larger than the washer opening having been made in the 
latter. From one of these bolts a short length of #22 wire was 
passed to a bolt that was fastened through the center of the 
smaller washer, tiny washers on this bolt completely closed the 
opening of the smaller washer. Thus, with the wire properly ad- 
justed the smaller washer was held in place inside the opening 
of the larger and a nearly perfect ring shaped diaphragm was 
obtained. The one wire that supported the middle washer 
showed up as a negligible break in the images of the circle or 
ellipse and did not appear at all in the images of the parabola or 
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hyperbola as it was placed so as to come in the open parts of 
these curves. In order to facilitate adjustment of the bulb in the 
lantern the socket support was slotted so that the bulb could 
be moved up or down, or back and forth in the can until the 
optimum position, giving a sharp uniformly illuminated image, 
was obtained. A simple support of “‘meccano”’ parts attached the 
lantern to the base, and a push-button and binding posts for 
the batteries completed the outfit. 

It was found that when two regular 1.5 volt heavy duty dry 
cells in series were used the current was a bit too much and the 
bulbs burned out all too quickly, since these bulbs are rated at 
but 2.2 volts and are supposed to be used with two small type 
“AA” “pen-lite” batteries having relatively high internal re- 
sistance. This difficulty was corrected by inserting a 5 ohm fixed 
resistance in series, thus providing normal brilliance and long 
life. One could easily make use of ‘“‘pen-lite” batteries installed 
within the box and thus dispense entirely with external battery 
connections. 

The device attracted quite a bit of attention and many visi- 
tors seemed to enjoy pressing the button and “tuning in” on 
the conic sections. Since it is easily portable and does not re- 
quire any elaborate equipment or the darkening of the room it 
has been frequently used as a teaching aid in our classes in 
analytic geometry. 





AMERICAN SCIENCE TEACHERS ASSOCIATION 
Annual Meeting—Dallas, Texas 


Tuesday Morning, Dec. 30. Joint meeting with the American Nature Study 
Society. 
Tuesday Noon. Annual Luncheon 
Presiding: Otis W. Caldwell 
Speakes: Irving Langmuir 
Tuesday Afternoon. Symposium: Science in the Service of Youth in a 
Democracy. 
Speakers: Watson Davis, L. S. Thomas, 
Howard E. Enders, Karl F. Oerlein, 
Sigman Hays and members of the Texas Junior Academy of 
Science, Morris Meister. 








I LIKE ACTION 
IN PHYSICS DEMONSTRATIONS 


RICHARD C. HiTcHcock 
State Teachers College, Indiana, Pennsylvania 


I like action: things to see and hear; scientific action; wheels 


turning, pistons reciprocating, whistles blowing, and steam es- 
caping. A brief case full of scientific paradoxes, a listener or two 


EVENING 8 OST 


CTO 2. 





Fic. 1. Action equals Reaction.* 


and a free hour for experiment—that is my idea of a good time. 
Like adequate protection for defense I want action first. But 


* Reproduced by special permission of the Saturday Evening Post, Copyright 1936 by the Curtis 
Publishing Company. 
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after I have heard and seen the action I want to know how it was 
accomplished. I don’t like unsolved mysteries. And, too, I’d 
much rather hear and see things happen at first hand than to 
hear about them second hand. I’d rather see a heated ball stick 
in a cold ring and then be told of shrinking a 72 inch locomotive 
tire on its wheel, than just to be told about the locomotive tire.* 

Steam shovels (action on a grand scale) readily command an 
audience. Rockefeller Center’s “Sidewalk Superintendent’s 
Club” was a happy thought, a place specifically arranged so that 
the inevitable audience on a busy New York street could safely 
watch a steam monster do its work. Coming indoors, attention is 
more readily focused on a piece of rubber which is being 
stretched two inches, than on a steel wire being stretched a hun- 
dredth of an inch. The action of the rubber is shown directly. 
The tiny elongation of the wire must be discovered by a microm- 
eter. Yet for demonstration purposes Hooke’s Law can be 
shown either way. 





N 








lSvac. 





Fic. 2. Frankfurter cooking. 


Next to big equipment, like a steam shovel, I like down-to- 
earth practical demonstrations using simple equipment. I’d 
rather see a frankfurter cooked on two nails fed with 115 volts 
a-c than to watch a toaster wire get red hot with the same power 
supply. The toaster works indirectly on a piece of bread, but the 
frankfurter gets cooked directly, with an accompanying sizzle 
and culinary fragrance that makes a specially good demonstra- 
tion; it includes the less used sense of smell. 


* Audiences react subjectively, so why not describe in a subjective manner just what attracts an audi- 
ence in a physics demonstration? The first person perpendicular is used by the class members among 
themselves, so why not use it in the description of techniques used by the instructor? 
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From a practical standpoint I’d much rather know that a 14 
oz. pamphlet can be weighed, half at a time, on an 8 oz. letter 
scale, than to figure out force components on some structure for 
which I can see no immediate application. 














Fic. 3. Weighing’‘a 14 oz. pamphlet half at a time 
on an 8 oz. letter scale. 


Demonstrations in physics are largely appeals to two senses, 
sight and sound. A good demonstration actually must be seen 
and heard to be appreciated, like Zeleny’s automatic geyser. If 
the experiment can be adequately described in words it is good 
writing, but it isn’t a good demonstration! It is hard to believe a 
description or even a diagram of Sutton’s “‘free fall faster than 
gravity” appartaus, but it makes a marvelous demonstration, 
Figure 4. 


ball falls freely 














Fic. 4. Freely falling rod exceeds gravitational 
acceleration of freely falling ball. 


Which demonstration experiment to do always comes up 
sooner or later; and sooner or later some pessimist declares the 
facilities inadequate. It is, however, just about true that a good 
physicist can show all the laws of motion with a piece of string 
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and some corks. So let’s not insist on any particular layout of 
the room or its facilities. Of course it is fine if the room has 
everything; water, gas, compressed air, vacuum line, a-c and 
d-c, projection lantern and automatic window shades. Com- 
plete facilities permit the use of extensive (and expensive) ap- 
paratus. But an ingenious lecturer can always do with less than 
complete apparatus. A gallon oil can may be collapsed by con- 
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Fic. 5. Radioactive decay model. 
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Fic. 6. Phonograph record diffraction grating. 


necting it to a vacuum line. But it can be collapsed just as spec- 
tacularly by filling it with steam, covering tightly, and cooling 
it. The great advantage is that the audience sees how simple the 
equipment is, and can see the whole process of steam generation 
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and condensation, while the vacuum system must be taken on 
faith. 

Models often help to visualize difficult processes. Radioactive 
decay can be shown by a series of various sized tin cans held 
above each other, with holes punched near the bottom of each 
so that water flows from the upper to the lower ones, Figure 5. 

Extremely simple equipment makes a hit with an audience. 
A broken phonograph record can be used as a diffraction grating, 
showing the visible spectrum when an incandescent lamp is 
viewed at grazing incidence, Figure 6. 

Another simple experiment, why a baseball bat breaks, can 
be shown directly by illustrating the center of percussion of a 
pivoted piece of wood, Figure 7. If the bumper is on either side 
of the center of percussion, the bat breaks one way or the other. 
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Fic. 7. Why a baseball bat breaks. 


Home runs should be hit at the correct place on the bat, and 
thus cause less strain on the bat and the batter, though the re- 
action on the opposing team may be greater. 

While the experiment is in progress I like action words:— 
short words, words that I understand. I like short sentences that 
give life to the presentation. Precision is undoubtedly lost in 
short sentences, but, like a rapidly converging series, the first 
few terms carry the bulk of the meaning. Minor modifications 
can be brought out for almost any so-called physical principle. 
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A case in point is the statement that “‘two plus two equals 


four.’ Universally true? No! A Tantalus Cup may be made to 
show that ‘‘two plus two equals two,” Figure 8. 
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Fic. 8. Tantalus Cup =Intermittent Syphon proves 
2 plus 2 equals 2 when liquid is added. 








While I prefer forceful, pithy Anglo-Saxon words like “do” 
instead of French words like “permit,” I have no objection to 
the longer word IF it is understood by the audience. New words 
like center of percussion, or ordinary words with specific conno- 
tations, like interference, I like to have explained as they come 
up. And next to short terse action words I like action in the 
sound of the apparatus. 

| like the change of action in: (a) fireworks that go “pop, 
pop, pop, — (pause) — boom!”’; (b) the abrupt flashing of all 
the planetarium stars on a previously dimly lighted hemispheri- 
cal ‘“‘heaven”’; and (c) a lecturer who whispers confidentially one 
moment, and then brings me to the edge of my seat with a shout. 
Change of action is called “‘chance of pace”’ in sports. It enlivens 
a lecture. 

A good scientific lecture should give a change of pace both for 
sight and sound. Changing to music for an illustration—Ravel’s 
“Bolero”’ played by a first class symphony orchestra is fascinat- 
ing to watch, and satisfying to hear. Each instrument section 
takes up the refrain, while the tympani beat out the underlying 
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rhythm. But Ravel’s Bolero, heard on a radio without television, 
is dreary and monotonous. Here sound alone is insufficient; 
sound and sight, with appropriate pace changing, make a much 
better working pair. 

I like varied treatment, a change in pace in the procedure of a 
lecture. Once in a while I like historical presentations, as for 
instance to hear of the early life of Count Rumford, leading up to 
his determination of the mechanical equivalent of heat which he 
found by experiments in boring gun barrels. 

Another active type of presentation is a paradox. I know per- 
fectly well that two permanent magnets attract N to S, and repel 
S to S. But two magnets which repel even when one is turned 
end for end immediately arouse my curiosity. I reject the pro- 
posal that these magnets came from the South Pole with Ad- 
miral Byrd and therefore contain no North magnetism. I think 
of possible means of doing this trick. Perhaps you can figure it 
out without referring to the diagram, Figure 9. Even with the 
diagram it may be hard to visualize, if so it is another case in 
point to prove that a really good demonstration does not neces- 
sarily lend itself to the printed word and figure. 





Fic. 9. Magnets repel even when one is turned end for end. 


A series-climactic lecture, a term originated by Meister, build- 
ing up action with more similar action (I like action) frequently 
gives effective results. Combustion is shown with varying de- 
grees of speed. First a piece of paper is burned in air, then a 
similar piece is burned in oxygen. Other items in the series may 
include gases with varying percentages of air, and the rapidity of 
burning as related to the air percentages is noted. Finally a 
working model of a combustion (explosion) type of engine is 
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shown. The series carries more weight and emphasis than the 
sum of its components. 

Seldom does plain logic or a purely mathematical treatment 
satisfy an elementary physics audience. Such treatments aren’t 
active enough. Action is required. 

Finally let me ask you a question or two; What was the best 
lecture demonstration in physics that you can recall? Was it so 
well integrated and balanced that you sensed perfection, or did 
some particular phase stick in your memory? Was it the appara- 
tus, the enthusiasm of the lecturer, his dexterity, or his use of 
vivid illustrations? 

For my part, over a period of time I have watched expert 
physicists give many excellent lectures in physics; Cady, Zeleny, 
Sutton, Thomas, and too many others to mention here. Each 
does a splendid job. And the essence of their work is action. 


BONERS 
Do your pupils understand the words you use? Do you take time to 
write some of these misunderstood or misspelled words on the blackboard? 
Mr. Clifford Holley, Chicago University High School, sends us some 
boners collected from test papers. 
1. By the preceding experiments we have proved that the mass of a 
body is consecrated at its center of moments. 
2. If a positive charge is given the body, the electrons are attracted 
from the protons, and a negligence of electrons results. 
When a body is charged it is said to have an access of electrons. 
. The moisture of the air is recorded by an instrument strung with 
human hair. This is recorded in terms of germ calories. 
The small intestine is long and its inside is lined with projectiles 
called villi. 
6. The microvarium enables us to see about a dozen one-celled animals 
magnetized four feet in diameter. 
7. Ihe atom consists of a nucleus which has the protons and the 
stationery electrons. 
8. The pressure forced out the moisture, gases, and voliaire matter 
leaving almost nothing but carbon. 
9. The due point is 13.6°C. 
10. In the seventeenth century a windglass was used to raise coal from 
the mine. 
11. The swamp area was then covered by the sea. The imerged substance 
formed peat. 
12. Some of these machines work with the principle of a magnate. 
13. The cause of elasticity is the traction the molecules have for each 
other. 
14. Chlorine, bromine, and fluorine are members of the hallegory family. 
15. New term learned in Unit I—Pacific gravity. 
16. Due to its rotation the earth tends to fatten at the poles. 
17. The moon is a saddle light of the earth. 
18. The two motions of the earth are rotation and revelation. 
19. There are turmoil moraines which show that there were glaciers. 
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THE MANUFACTURE OF LEATHER 


R. K. CARLETON 
Rhode Island State College, Kingston, Rhode Island 


From time immemorial, man has been making use of the 
skins of animals for protective purposes. Any knowledge of the 
change occurring in animal skin during its conversion into 
leather is made doubly interesting by the possibilities which it 
presents for preserving one’s health and beauty through a better 
knowledge of the skin and its functions. 

Most of the solid matter of what we know as hide consists of 
substances termed proteins. A protein is familiar to all in that 
much of our foodstuffs are of protein nature, such as beans, 
peas, etc. A protein is a complex type of substance, being made 
up principally of four chemical elements namely, carbon, hydro- 
gen, oxygen and nitrogen. The skin also contains oily sub- 
stances, blood and inorganic salts. 


COMPOSITION OF THE SKIN 

The skin is divided rather sharply into two parts differing 
both in origin and structure: the derma, or true skin, which 
forms by far the greater portion of the whole, and the epidermal 
system comprising the epidermis, hair and glands. The latter 
system, namely the epidermal consists entirely of reproducing 
cells which rest on the surface of the derma and draw their 
nourishment therefrom. The portion of the epidermis in contact 
with the derma is a layer of living cells, rather elongated in 
shape. 

The outer surfaces of the skin are constantly changing and 
are worn away. This scaling is often very noticeable on the 
scalp in the form of dandruff, which in itself is not the result of 
a disease, but rather is evidence that the epidermal cells are 
functioning normally. 

To the naked eye the hairs appear to pierce the skin, but 
actually they do not do so. The epidermis dips down into the 
derma here and there, forming follicles or pockets, in which 
hairs grow. At the bottom of each follicle there is a projection 
from the derma known as a hair papilla, which is supplied with 
both nerves and blood vessels. Lining the space around the pa- 
pilla are numerous epidermal cells, which derive from the blood 
the nourishment necessary for their production. As new cells 
are formed, the older ones are pushed outward. In uniting to 
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form the hair, they assume the shape of the follicle; if this hap- 
pens to be curved the hair will be curly. 

Unlike the epidermis, the derma is fibrous in character in- 
stead of being composed of cells. Furthermore, these fibres are of 
two kinds: the large, white fibres of collagen which make up the 
great bulk of the derma; and the thin, yellow fibres of elastin 
which occur only in the region of the upper and lower surfaces of 
the derma. In some types of skin, fat cells replace some of the 
collagen fibres. However, the greater the proportion of fat cells 
to collagen, the less valuable is the skin for leather making, 
since the collagen is the leather-forming part of the skin. The 
derma is also transversed by complex systems of nerves and 
blood vessels. 

The derma divides itself rather sharply into two layers, the 
dividing line occurring at the lower extremities of the hair roots, 
or about one-fifth of the distance from the upper surface to the 
flesh. The lower, fibrous region of the skin is often referred to as 
the reticular layer because of the network appearance of the 
collagen fibres. The upper layer has been referred to as the 
“thermostat layer’ for reasons which will become apparent 
shortly. 

It is possible to account for numerous characteristics of the 
leather by a consideration of the properties of the two layers of 
the derma. The structure of the reticular layer determines the 
physical properties of the leather, such as tensile strength, solid- 
ity, resilience, etc., while the upper or thermostat layer deter- 
mines more especially the appearance of the leather. In making 
the finer grades of leather, much attention is paid to the thermo- 
stat layer. A very important fact which should be noted in pass- 
ing is that this layer is practically as thick in the skins of very 
small animals as it is in larger ones, and even in the thinner por- 
tions of the same skin, this layer occupies a greater proportion 
of the total thickness. 

The reason for the name “thermostat layer”’ is explained as 
follows: Attached to the base of the hair follicle and weaving its 
way upward to the right is the erector pili muscle, one being at- 
tached to each hair. Just above this muscle and emptying into 
the hair follicle is a group or cluster of sebaceous or oil glands. 
The muscle and glands make up what is essentially a most re- 
markable thermostat, which tends to keep the temperature of 
the whole body constant. 

The muscles are controlled by the pilo-motor nerves which are 
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sensitive to temperature changes. If the surface of the skin is 
cooled, the muscle is made to contract. The visible effect is that 
phenomenon known as “gooseflesh.’’ The contraction of the 
muscles puts a pressure on the sebaceous glands, causing the 
cells to give up their oil to the hair follicle, through which it 
flows to the surface of the skin. In this operation the flow of 
water from the sweat glands to the surface of the skin is stopped 
or retarded, thus preventing loss of heat through the evapora- 
tion of water. Enough of the heat generated by the body is thus 
conserved to maintain the body temperature constant. 
TANNING OPERATIONS 

Since the same fundamental operations are followed in general 
in the conversion of any skin into usable form, namely leather, 
the following description of tannery operations will be a rather 
brief survey of a specific series of operations in actual use for 
making shoe upper leather. In making the leather described, 
calfskins are used. 

One of the most dangerous enemies of hides is bacteria since 
the inner surface of the skin from the moment of flaying or 
separation from an animal’s body provides an ideal medium for 
bacterial growth. Therefore, even though the inner surface of 
the living animal may be free from bacteria, it acquires them 
rapidly from the air from the moment it is flayed. 

In order to guard against damage by bacteria, it is customary 
to apply dry sodium chloride which is the ordinary salt most of 
us eat regularly, to the skins until the solution retained by the 
skin is nearly saturated with salt. 

This application of salt does more than simply protect the 
skin, it lowers the water content of the skin from about 65 to 45 
per cent. As long as the solution wetting the skin contains more 
than 6% salt, there is little danger of putrefaction, provided the 
temperature remains fairly low. On the other hand, if the 
strength of the salt solution falls below 1% the bacteria may be 
more active than if no salt had been used. The process of salting 
is generally known as curing. 

The first tannery operation is that of soaking in vats of water 
in order to cleanse the skin and to restore the water lost through 
partial drying. As soon however as the skin has absorbed enough 
water to restore its natural size and shape, it is fleshed. In this 
operation, the flesh side of the skin is forced against a revolving 
roller set with sharp blades, which cut away the adipose or fatty 
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tissue. The purpose of this adipose or fatty tissue is to connect 
the skin loosely to the rest of the body. It consists mainly of fat 
cells and loose strands of connective tissue and is of practically 
no value in leather making. With the trimmings it is used in the 
manufacture of a familiar product, gelatine. 

After fleshing, as the foregoing process is termed, the skin is 
soaked again until freed from most of the soluble protein matter 
normally present in the blood vessels and lymph spaces. The 
skins are usually given a change of fresh, cold water each day for 
three days. In order to make certain that no dangerous increase 
in bacteria is occurring, bacterial counts, so called are made of 
the soak water. 

The cleansed skins are next put into a vat, equipped with a 
paddle wheel to keep the liquor well stirred, and treated with 
limewater, commonly called ‘milk of lime,” whose chemical 
formula is Ca(OH). and which contains a small quantity of 
sodium sulfide, Na2S. An excess of quicklime, CaO is used in 
making the limewater, in order that the liquor be at all times 
saturated. This liquor slowly destroys any epidermal layer and 
effects a complete separation from the true skin. 

From the lime liquor the skin is transferred to an unhairing 
machine wherein the hair side of the skin is forced against a re- 
volving roller set with blades which scrape off the loose hair and 
epidermis. The skin is then thrown over a convex, wooden slab, 
called a beam, and a man pushes a specially designed, two han- 
dled knife downward over the skin and to the left and right, 
forcing out the loose material from the hair follicles and pores. 
This operation is known as scudding and the operator as a beam- 
ster. Following the scudding process, the skins are washed with 
running water in an open, revolving drum in order to remove the 
free lime. The skin is now practically free from the various paits 
of the epidermal system and is ready to be bated. 

After the treatment which removes the last vestige of hair, 
the skins are transferred to a paddle vat containing a very di- 
lute solution of pancreatic enzymes and a salt which neutralizes 
the caustic alkalinity of the skins. An enzyme is a tiny micro- 
organisim which is capable of bringing about a specific type of 
chemical change, for example, fermentation. The lime treatment 
previously mentioned causes the skins to swell up and become 
rubbery, but the bate liquor counteracts this effect and the 
skins quickly lose their resilience and become flaccid. At the 
‘same time the enzymes act upon the elastin fibres of the skin, 
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dissolving them to a greater or lesser degree, depending upon 
the amount of enzyme used and the time and temperature of the 
digestion. 

It is essential that the elastin fibres be removed since they 
have a tendency to prevent an extension of the surfaces of the 
skin; their removal makes the grain surface of the skin more 
readily extensible, which is sometimes though not always, ad- 
vantageous. The extent to which the bate liquor is permitted 
to dissolve elastin is governed by the specific properties desired 
in the leather. 

The bating operation has another purpose, aside from render- 
ing the skin flaccid and removing the elastin. It is to cleanse the 
skin, freeing it from any scud and partially decomposed pro- 
teins not previously removed. A half century ago, bating was 
done almost entirely with warm infusions of the dung of dogs or 
fowls. It was then a most disgusting process. However, with the 
advent of scientific methods, this disgusting process has been 
relegated to the past. 

The bated skin is now composed almost entirely of fibres of 
the protein collagen and it is now ready to be tanned. Up to this 
point the operations have been conducted chiefly with the ob- 
ject of removing constituents of the skin not wanted in the 
leather. 


THE CHEMISTRY OF TANNING 


Two very different methods are employed generally for con- 
verting the raw skin into leather: vegetable tanning, which is a 
very old process; and chrome tanning which has been in use less 
than half a century. Skin which has gone through the bating 
process is highly putrescible, that is, more or less sensitive to 
putrefaction, but when brought into contact with materials 
known as tanning agents, it assumes new properties, one of 
which is resistance to putrefaction. 

In the former tanning process, that is, vegetable tanning, the 
bated skin is suspended from a stick, head down, into a vat con- 
taining a weak infusion of barks, woods, and leaves containing 
tannin. The first liquor into which the skin is put is the weakest 
and one which has been used many times before. Each day it 
is transferred to a stronger and fresher liquor until fully tanned, 
which takes about ten days. 

During the time the skins are in the tan liquors, the tannin 
diffuses into the interior of the skin and then into the very sub- 
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stance of each fibre. The chemical compounds collagen and tan- 
nin then combine to form a new material, leather, which is 
neither collagen nor tannin, but a quite different substance hav- 
ing the properties of neither of the constituents which combined 
to make it. When the tanning is complete, each collagen-tannin 
fibre appears under the microscope like a transparent rod of 
brown glass. In actual practice about sixty parts of tannin com- 
bine with one hundred parts of collagen. 

In the newer method of tanning, the bated skins are first 
pickled in a bath of sulfuric acid and sodium chloride (common 
table salt) and then treated with a solution of basic chromium 
sulfate, having the chemical formula CrOHSO,. This chromium 
solution or ‘“‘chrome liquor” as it is called diffuses rapidly into 
the skin substance and a combination occurs between the col- 
lagen and chromium, forming the substance known as chrome 
leather. When collagen is brought into contact with boiling 
water, it is rapidly converted into gelatine and as such passes 
into solution. Chrome leather on the other hand remains unaf- 
fected by boiling water. A test very often employed in a tannery 
to ascertain when a skin is fully chrome tanned is to keep it in 
boiling water for five minutes. If it has not curled up at the end 
of this time, it is considered tanned. Of course, the combination 
of chromium with collagen is not always stopped at this point; 
for some kinds of leather it is desirable to carry the tanning 
further. 

The protein material also combines with sulfuric acid during 
the operation, free acid always being present in solutions of 
chromium sulfate (Cr2(SO,);). This acid appears to be necessary 
to the leather, for when it is removed by neutralization the 
leather becomes brittle. Under the microscope each chrome- 
tanned fibre looks like a transparent rod of green glass. If the op- 
eration is properly performed, there is no precipitation of chro- 
mium on the surfaces of the fibres, but only a direct combination 
of chromium with collagen, which is practically uniform through- 
out the substance of each fibre. Ordinarily, 100 grams of collagen 
combine with about 7 grams of chromic oxide (Cr2Os3). In 
chrome tanning the collagen fibres combine with only 11 per 
cent as much material by weight as in vegetable tanning, which 
explains the greater fullness and solidity of the vegetable-tanned 
leather. 

If leather is permitted to dry without further treatment, im- 
mediately after tanning it becomes very stiff. In order to make 
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the leather soft and pliable, oils are incorporated in it by tum- 
bling the tanned skins in a warm emulsion of oil-in-water. The 
tiny oil globules cover the surfaces of the leather and during the 
subsequent period of drying, the oil slowly diffuses through the 
leather, lubricating the fibres so that they slip easily over one 
another. This results in the leather being pliable and increases 
its strength. The leather is then dyed to give it the desired color 
This is usually done by putting the skins into a revolving drum 
and pouring the dye liquor on them through a hollow axle in the 
drum. 

The skins are finally treated with a sizing material, that is a 
filler, such as gelatine and casein in order to give them the de- 
sired lustre. This operation is referred to commercially as finish- 
ing. Incidentally, the skins are subjected to a score of mechan- 
ical operations designed to adjust the many physical properties 
of the finished leather and these demand the attention of highly 
skilled artisans. 

In the tannery wherein the above described processes are car- 
ried out, a rather large staff of chemists is ordinarily employed. 
As in every other industry it has been necessary during the 
past several years to carry on these processes under the supervi- 
sion of considerably curtailed chemical staffs. One group of 
chemists usually analyzes all incoming material in order to in- 
sure constancy of composition; another analyzes all liquors and 
skins at the various stages in order to control and guarantee uni- 
formity of operation; and a third group is constantly seeking 
new ideas and experimenting in order to improve the processes. 
There are undoubtedly few industries which present to the 
chemist, problems which are so complicated as those of the 
leather industry. This very fact however makes the leather in- 
dustry one which offers unusual promises of reward to the 
chemist who is outstanding in the fundamental knowledge of his 
profession. 


OPPORTUNITIES FOR THE RESEARCH CHEMIST 


Before bringing this paper to a close it might be advantageous 
to point out briefly some of the opportunities for research that 
are to be found in the leather industry. For example there is a 
problem of why so long a time is necessary to bring about the 
combination between collagen and tannin. The apparent answer 
is that the tannin must come into contact with the collagen be- 
fore it can combine with it and that tannin diffuses throughout 
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the substance of a hide ever so slowly. It has been discovered 
however that this rate of diffusion can be changed by adjusting 
the acidity of the tanning liquor or by adding certain non-tan- 
ning substances. But not a great deal of information is availa- 
ble. There still remains much work of an investigative character 
for the chemist to do. 

In the beamhouse too, the time required to get rid of the un- 
desirable portion of the hide is too long. Some substance should 
be found to quickly dissolve all material except the collagen 
fibres used in making the final leather. 

These are but two of many problems confronting the chemist 
in the leather industry. What a rich field for the chemist with an 
investigative mind! 
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AMERICAN MATHEMATICAL SOCIETY 


The Forty-eighth Annual Meetirg of the American Mathematical So- 
ciety will be held at Lehigh University, Bethlehem, Pennsylvania, Monday 
to Wednesday, December 29-31, 1941, in conjunction with meetings of the 
Mathematical Association of America, the Association for Symbolic Logic, 
and the National Council of Teachers of Mathematics. 

The sessions of the Society will begin Monday afternoon and continue 
through Wednesday afternoon. 

The sessions of the Mathematical Association will be held Thursday 
morning and afternoon. The Association for Symbolic Logic will hold its 
meetings on Wednesday, one of which will be a joint session with the So- 
clety. 


The history of science shows that the greatest advances have always 
been made by men who undertook their inquiries into Nature without 
thought of proximate or ultimate practical application or pecuniary re- 
ward.—Richard Gregory. 








A SIMPLE ELECTRIC MOTOR FOR EVERY 
MEMBER OF THE CLASS 


WALTER A. THURBER 
Cortland Normal School, Cortland, New York 

For some time the writer has been looking for plans of simple 
electric motors that can be made by elementary school children 
and yet which are not ridiculous from an engineering standpoint. 
Although the search has not been wholly successful, there is one 
motor that approaches this type. 

This motor may be built from materials common in most com- 
munities. No particular skills, save that of bending the band- 
iron electromagnet core, are needed. Above all, this motor is 
more nearly “‘fool-proof”’ than any other motor that the writer 
has seen; few pupils have failed to produce a successful motor. 

The writer makes up kits of the necessary materials in order 
to save time in construction; however, pupils can usually find 
most of the materials themselves. If a teacher will supply the 
band iron and the thin copper or brass, pupils can find the other 
things needed. 

Following is a list of the materials needed for a single motor: 

1 motor base of white pine, 5” x4” X1” 
1 electromagnet core of band iron, 8” x ?” 
2 bearing pieces of tinned metal, 1” 13” 
1 hardwood dowel, 33” +" 
2 brushes of thin copper or brass, 2” X}” 
2 commutator segments of thin copper or brass, 1” x 3” 
8 feet #24 enameled magnet wire 
18 feet #24 enameled magnet wire 
10 round head screws, 3” long 
4 wire brads or small nails 
2 common pins 
thread 
adhesive tape 
2 Fahenstock clips or other binding posts (if desired) 

The band iron may be found in blacksmith shops, garages or 
school shops. It should be bent in a large vise. The dowel may 
be found in any wood shop. Thin copper may be taken from old 
automobile gaskets, or thin brass, known as “shim brass’ and 
sold in auto supply stores, may be substituted. The wire and 
Fahenstock clips may be bought at radio stores. 
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The following directions are mimeographed and given to the 
pupils: 

1. On the wood block mark out a rectangle 2 inches by 1} 
inches. Drive a brad in each corner of the rectangle. Wind eight 
feet of the enameled wire about the brads to form a rectangular 
coil as shown in Figure 1. Let the ends protrude as shown in the 
same diagram. Tie the corners of the coil with thread and pull 
out the brads. This forms the armature coil. 

2. Drive a pin in each end of the dowel. Snip off all but one- 
quarter inch of the pin. Push the dowel through the armature 
coil as shown in Figure 1 and Figure 2. Fasten the coil to the 
dowel with strips of adhesive tape. 











Fic. 1. The armature. 


3. Scrape the enamel from the protruding ends of the 
wire. A thorough job must be done of removing the enamel. Lay 
the commutator segments over these ends and bind in place 
with strips of adhesive tape as shown in Figure 2. The gaps be- 
tween the segments should be across when the coil is up and 





Fic. 2. The commutator. 


down. Test the connections with the wires from a dry cell. 
There should be a good spark when the wires are scratched on 
the segments. 
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4. Screw the bearing pieces to the base. Insert the cut-off pins 
of the armature in small holes punched in the bearing pieces. 
The armature must spin freely. 

5. Bend the brushes as shown in Figure 3. Screw these to the 
base. The brushes should make good contact but the armature 
must still spin freely. 


ats, 











Fic. 3. The brushes. 


6. Wind the electromagnet core with the 18 feet of magnet 
wire. Screw this field coil to the base so that its tips are in line 
with the armature coil as shown in Figure 4. 





Fic. 4. The assembled motor. 


7. Connect the brushes and the field coil to the clips or other 
binding posts as shown in Figure 4. A wire from one brush and 
from one end of the field coil goes to each clip. 

8. Connect one or two dry cells to the clips and spin the arma- 
ture. If the motor does not go, test the commutator and brush 
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connections. Most of the trouble occurs in the contact of the 
brushes on the commutator. 

The motor may also be separately excited or series connected. 
The electromagnet may be removed and permanent bar mag- 
nets used in its place. 





SEX EDUCATION IN HIGH 
SCHOOL SCIENCE 


EWELL G. PIGcG 
Georgia Teachers College Laboratory School, Collegeboro, Georgia 


Biology is generally being brought from the tigers of India or 
the adaptation of life forms in the jungles of Brazil to the won- 
derland that may be found within our own school grounds, parks 
and back yards. However, there still seems to be much hesitancy 
in bringing it closer to the individual than that of giving a very 
casual introduction to the anatomy of the human body and a 
hazy impression that we need certain vitamins if we are to avoid 
rickets, scurvy and pellagra. Some time is devoted to reproduc- 
tion of algae and cuttlefish, but most classes must hurry past the 
life cycle of higher forms in order to have more time to spend in 
learning about the body parts of an insect and the advantages 
of an exoskeleton. Except in the work of too few brave instruc- 
tors, any hint that reproduction in the human animal has any 
analogy in that of any of natures other creatures is missing. 
Supposedly, sex information is common knowledge among the 
pupils, gained from wise parents, or who knows, from what 
other source. 

If there is one need of pupils that can be anticipated it should 
be that of an understanding of the reproductive plan nature has 
set up for man, and its implications in our present day civiliza- 
tion. It should be a safe estimate to say that within ten years 
after high school biology seventy-five per cent of the students 
will have had actual experience in reproduction. It is true that 
this denotes a much broader understanding of the matter than 
the mere biological, but once the barrier of approaching the 
problem from a biological viewpoint is broken down, the easier 
it will be to really get close to some of the other problems that 
may at first seem only distantly related. It is surprising how 
many matters that were considered psychological or social can 
be approached by the science teacher who has established a sin- 
cere frankness with the students concerning life problems. 
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No doubt, someone will bring up the eternal claim that there 
is little new that the average teacher can impart to our worldly 
wise high school students. There may be some truth in this, but 
the new knowledge is not as important as a new attitude con- 
cerning that knowledge, a new and usable vocabulary, and a 
correction of many false ideas and impressions. Above all, some 
foundation, at least, should be laid for giving the pupil a little 
guidance through the ever increasing period of time through 
which he must pass before he can generally assume his own re- 
sponsibilities of family life. The pupil must be led to recognize 
that our civilization more and more demands his attention to 
economic establishment before he can properly consider mar- 
riage. In our school, where sex education has been a part of the 
science curriculum for the past two years it has been very grati- 
fying, in the few instances where school girls have married, to 
find our biology students much concerned with whether or not 
the young man of the case had a job; whether the bride was old 
enough to assume such responsibilities, and whether the young 
couple had secured the background necessary to embark upon 
such a venture with a fair assurance of success. The real test will 
be whether these same biology students will be able to strike a 
happy medium of head and heart in their own life situations. 

As an approach to our study in sex education, the stage is pre- 
pared in freshman general science. Questions pertaining to re- 
production among plants, animals and human beings always 
arise. These are answered in a way that sets the pupils and 
teacher at ease for an interested, but unemotional attack of the 
specific problem when they are ready for sophomore biology. 
One eighth grade girl came to school full of questions after she 
had heard her parents discuss the fact that there were male and 
female trees of a certain variety planted about their home. 
Topics such as this offer excellent opportunities for discussions 
with the group that will make it natural for them to ask other 
questions pertaining to the perpetuation of life. By the end of 
the freshman year, the alert science teacher can have built in a 
frank and unemotional manner a foundation for the more 
thorough work to be done in sophomore biology. During the fall, 
after the good weather for regular field work in biology has been 
utilized, a good foundation in human biology, including the cell 
theory, is given. In this way the teachers set up an atmosphere 
that makes the study of reproduction a natural outgrowth of 
previous work. 
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In some schools sex education has been attempted by segre- 
gating the boys and girls. It was perhaps felt that Mr. X could 
handle the situation with the boys, but that Miss Y had better 
take the girls. In our situation the teachers felt that this would 
defeat much of the true purpose of the study from the very be- 
ginning. As one wise young student teacher said, 

“Tf there is segregation, each group will know what was car- 
ried on by the other after the first recess anyway.” It has been 
found that the desired attitude could best be secured by having 
a mixed group. By a systematic and careful approach to the 
problem, insincere or facetious questions are eliminated almost 
wholly. Students, as a whole, are too vitally interested in the 
problem that is a major question in each mind to consider it 
lightly with anyone who is attempting to aid them in seeking a 
rational understanding. 

Parents may be problems in some instances, but more often 
they are only imagined as opposing any attempts at sex educa- 
tion in the schools. One teacher who has been very successful 
says that many parents have actually thanked him for his work. 
Most parents when questioned concerning their attitude toward 
a unit on sex education replied that they felt that the teachers 
knew what they were attempting and trusted that they would 
do what was best. No doubt, many were completely indifferent, 
and many were glad to have someone shoulder at least part of a 
problem with which they did not feel able to cope. In our work 
no parents have raised any objections, and some have been very 
interested and helpful, especially where their children had be- 
come interested in the heredity phase of the problem and were 
working out genealogical charts showing the inheritance of cer- 
tain traits in their families. 

As to method, that could be a book in itself, and some few 
helpful books are available. However, a wise and understanding 
teacher is the important factor. The teacher must know a great 
deal of biological, psychological and socio-economic connota- 
tions of sex and family life as well as be sure of his or her ability 
to handle under any circumstances the pupils who will partici- 
pate. Books on sex education written for all levels of attainment 
are obtainable for pupil reading and reference and raany are 
excellent for class work. The teacher must strive to build a sim- 
ple, but rather complete and usable vocabulary for use in dis- 
cussion of matters of sex. A good teacher will not only be able to 
use this without embarrassment, but will secure its use by the 
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students to an extent that they may be able to discuss such mat- 
ters intelligently and naturally, not only during the study, but 
whenever the necessity may arise later in life. 

By no means should the matter be dropped as soon as the unit 
is over. A properly conducted area of work should pave the way 
for a much better teacher-pupil relationship in related problems 
that may arise throughout the remainder of the pupil’s high 
school career, or even after. A continuous and natural follow-up 
should be one of the desired outcomes. The cooperation of other 
departments of the school is highly desirable if the unit is not to 
be isolated and is to be properly perpetual. 

Since knowledge of inheritance is essential in the real under- 
standing of the problems of reproduction, the study of heredity 
was found to be an excellent follow-up of the sex education unit. 
Our students were anxious to know how various traits are in- 
herited and transmitted. They were especially concerned when 
anywhere in their family there had been a member who has 
handicapped by either physical or mental deformity. They 
sought eagerly for some clue as to whether or not their own 
children might be born with a similar trait. The entire study was 
so much a part of the personal life of each pupil that there was 
little doubt as to the interest or value obtained in nearly every 
instance. 

Pupils are hungry for the homegrown, wholewheat bread of 
life. Can we not feed them more of this in biology, a study of 
life, along with the usual diet of preserved caviar from Asia, or 
the dry fossils of the Jurassic Age? 





MATHEMATICS IN INDUSTRY 


There is a definite trend toward a greater use of mathematics in industry 
which is somewhat commensurate with the trend toward the acceptance of 
research and dvelopment departments as necessary adjuncts to successful 
businesses. It is becoming more and more generally recognized that mathe- 
matics is not only a necessary tool for all engineers, physicists and chemists 
who make any pretense of going beyond strictly observational methods and 
experimental solutions to their problems but that it is also performing an 
important function as the recording medium for those generalizations 
which lay the foundation for the advances of scientific knowledge. . . . 

Even in an organization as small as ours, the use as a consultant is 
really important and we are constantly having instances where the 
mathematician because of his training is serving as an interpreter of mathe- 
matical and physical theories, sometimes influencing the direction of ex- 
perimental work and sometimes eliminating the need for it-—Dr. W. R. 
Burwell, Brush Development Company. 











ANOTHER VIEWPOINT ON MULTI- 
PLICATION OF RADICALS 


E. R. STABLER 
1203 Forest Ave., Ann Arbor, Michigan 


Two contradictory points of view have recently been ad- 
vanced in this journal concerning the rule \V/aV/b = Vad.) Dr. 
Sadowsky has contended that the rule is half true, half false, 
whatever the values of a, b, basing his view on the assumption 
that each radical sign always denotes a double-valued root. Dr. 
Lange has contended that the rule is always true, provided con- 
sistent allowance is made for the amplitudes, when a, b are ex- 
pressed as complex numbers in the polar form.” 

1. Let us examine Dr. Lange’s argument first. Dr. Lange 
bases her case on De Moivre’s Theorem as applied to the prob- 
lem of finding square roots of complex numbers. Thus, it is in- 
dicated that when the number +1 is written in polar form: 


+1=cos (0+2kr)+i sin (0+2kr) 


then the amplitude is 0+2k7, where k=any integer. Hence the 
amplitude of the square root® of +1 is 


0+2kr 
oe =O+kr, 


giving two values for the square root (namely +1 or —1), ac- 
cording as k is even or odd. On the other hand, the amplitude for 
(+1)* according to Dr. Lange should be indicated as 2(0+2k7), 
and hence the amplitude for the square root of (+1)* is held 
to be 


2(0+ 2k) 
EA 9 
- 0+2kr, 


~ 


the same value as the original amplitude for +1. For this 
reason it is claimed that (+1)? has one and only one square 
root, namely +1. In the same way, Dr. Lange argues that 


1 Sadowsky, M. A., “Does the law Ja ¥b= ab hold for imaginary numbers? Does it hold at all ? 
SCHOOL SCIENCE AND MATHEMATICS, February 1941, pp. 128-130 

Lange, Luise, “The law ya ¥5= ab holds for all numbers.” ScHoot SCIENCE AND MATHEMATICS, 
May 1941, pp. 457-461. 

2 Everyone can agree to Dr. Lange’s preliminary statement that the rule holds good for all numbers 
a, b when absolute values of the radicals are used. Thus | ¥a|-| vb| =| vad}. 

3 For clarity, we shall avoid use of radical signs in this section, presenting Dr. Lange’s argument by 
writing out “square root.’ 
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(—1)* has exactly one square root, namely —1, and that in 
general the square root of the square of any number (real or 
complex) has one and only one value, namely the number 
itself. This statement is apparently equivalent to the asser- 
tion that the equation z?=a? where a is any real or complex 
number, has exactly one root (or perhaps two equal roots). But 
surely z?=a” has two roots, +a and —a, which are distinct (in 
every case except the trivial case a=0). Thus the conclusion 
seems unreasonable on the face of it.‘ 

The following considerations may resolve the difficulty. The 
use of a parameter & in the original amplitude for the number 1, 
or the number —1, or more generally any complex number 4@, is 
unnecessary and turns out to be misleading when finding the 
square root of the square of the number. However, let us grant 
that the amplitude, a, of (+1)? can be written as a=2(0+ 2k). 
By use of De Moivre’s Theorem we can say that the amplitude 
of the square root of (+1)? is any value which when doubled will 
give an amplitude equal to a or differing from a by a multiple of 
27. Hence, one amplitude for the square root of (+1)? is 

a 2(0+2kr) 
—_ =0+2kr, 


% 2 
the amplitude of +1; but another equally good amplitude for 
the square root is 

a+2r _ 200+ sc ao 2a 


? 


= (0+ 2kr)+7, 


the amplitude of —1. Thus, we obtain, as we should, two square 
roots for the number (+1)?, namely +1 and —1. Similarly, we 
have our two square roots for the number a’, namely +a 
and —a. 

If desired, both square roots of (+1)? could be said to have 
amplitudes given by 


ate 2(0+ 2km)+ 2ln 
xia ane -=(0+2kr)+/2 


— — 


where /=0, 1. Note that / is a new parameter entirely inde- 
4 From another standpoint, the following assertions by Dr. Lange, considered jointly, can hardly fail 
to look inconsistent: 
¥V+i=+1, V(412=41, V(—1*=-1 
But surely +1=(+1)?=(—1)? and the radical sign is supposedly used with the same significance in 
each case (designating any possible root). 
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pendent of the original parameter k. The simplest procedure, 
however, seems to be to dispense with the parameter, k, in the 
original amplitude of +1. For example, taking a as any real or 
complex number (other than 0) let one value of the amplitude of 
a be @, 

then 


amp. of a?=2¢ 


and 


26+ 2lxr 


amp. of square root of a?=- “- —=9+/x, where /=0, 1, 


giving two values for the square root of a?, namely +a and —a. 

In view of these considerations Dr. Lange’s argument no 
longer holds. In other words, since 

square root of a?=-+a or —a equally well, and 

(either square root of a)?=a, we do not always have 

(sq. root of a)-(same sq. root of a) =sq. root of (a-a). 
Naturally this invalidates Dr. Lange’s assertion that 

(sq. root of a)-(sq. root of b) =sq. root of (ab) always 
provided we make the same choice of a possible parameter & in 
the original amplitudes of a and 0. For, regardless of the use of 
the same value of k& in the amplitudes on the left, there remains 
an independent parameter, /, to be accounted for in the ampli- 
tude of the square root on the right (just as in the case of the 
square root of (+1)? above). 

2. In order to clarify the situation further, let us now present 
Dr. Sadowsky’s line of argument, from the standpoint of De- 
Moivre’s Theorem, but simplified by avoiding the specific use of 
parameters. 

Let us take any two non-zero complex numbers a and 8, ex- 
pressed in polar form: 


a=r(cos @+i sin ¢) b=r(cos $+ sin ¢’), 


where ¢ and ¢’ are specifically chosen values of the respective 
amplitudes. Let us denote one of the two square roots of a by 
R,(a) and the other by R2(a), to avoid confusion in the double 
use of the radical sign (but let R(a) denote either root ambigu- 
ously). Then we can take 

amp. of R,(a) = : amp. of Rb) =" 


= = 
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/ 


amp. of Re(a)=* + amp. of R2(d) -* +r. 


Also, since amp. of ab =¢+¢’, we can take 


o+¢’ 
amp. of Ry (ab) =—— a 


- 


+ / 
amp. of Re(ab) a tn. 


It is easy to check by addition of amplitudes that a relation of 
the form R(a)-R(b)=R(ab) holds in the following four cases 
(and fails in the other four possible cases) : 

Ri(a) - Ri(b) = Ri (ab) 

Ri(a) -Ro(b) = R,(ab) 

R,(a) -R,(b) = R,(ab) 

R;(a) -R2(b) = R;,(ab) 
Thus the general relation indicated for multiplication of square 
roots is half true, half false. Whether or not we agree with Dr. 
Sadowsky’s specific statement, making use of radicals (that the 
rule \/a- b= Vab is half true, half false) depends entirely upon 
whether or not we are willing to use the radical sign, as he does, 
to denote either of the two possible square roots at pleasure. 
Thus we arrive at a conclusion which is contrary to Dr. Lange’s 
apparent view that an “arbitrary definition” of the meaning of 
the radical sign is irrelevant. It appears to be the crux of the 
issue. 

3. Let us investigate the usual practice with respect to the use 
of the radical sign. 

When dealing with square roots of general complex numbers, 
it is true that we often do find the radical sign used in a double- 
valued sense. Thus, if w is a function of the complex variable z 
such that w*=z we find w=1/z used to designate either value 
of the double-valued function, w (and undoubtedly for a good 
theoretical reason). Accordingly, the current practice would 
seem to support Dr. Sadowsky’s argument in the case that a, } 
are complex (non-real) numbers, or possibly if a, b are given as 
real values of complex variables. 

However, when dealing exclusively with square roots of posi- 
tive or negative real numbers the current practice in this coun- 
try almost always seems to be to use the radical sign in a single- 
valued sense. Thus, if a is a positive real number, Va designates 





ee 
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by agreement the positive square root of a. If we wish the nega- 
tive square root we write —»/a. Thus there is no ambiguity in 
referring to either root. 

Likewise, when dealing with square roots of negative num- 
bers a similar convention is made in current practice. Thus the 
symbol ./ —1 is understood to be completely equivalent to the 
single-valued symbol i (not +7). Furthermore, by definition, 
\/ —x, where «x is real and positive, is understood to mean iv/x 
(not +7 x). 

Making these agreements, the textbook statements about 
multiplication of radicals naturally follow. That is, if a and 6 
are real numbers, the rule \/a\/b = Vab holds when a and b are 
both positive, or when one is positive and one negative, but fails 
when both a and 0 are negative. In the latter case, we have 


Vav b=—Vab. 
The textbooks do not usually emphasize a corollary of these 
statements which should be mentioned, namely: 


If a, 6 are real numbers, the rule 


/ a /a 
b Vb 


holds in every case except when a is positive and b negative. In 


this case we have: 
wow Fp 
/ a Va 
b Vb 


Another point deserves emphasis if we maintain our agree- 
ment concerning the radical sign. A square root sign applied to 
any positive real number, however that number may be expressed, 
still calls for the positive root. Thus 


V[(+1)2J=4+1, <W[(—1)?]=+1 (not —1) 

and, in general,’ if x is a real number we have 

Vx2=+2 if x is positive Also x= +2’ if x is positive 

\/x° = —x if x is negative Vx5 = —x' if x is negative 
These examples suffice to indicate that there are exceptions to 
the usual rules for working with fractional exponents, just as 
there are exceptions to the rule for multiplying radicals. How- 
ever, this topic must be reserved for possible discussion at a fu- 
ture time. 


5 See for example, Osgood, W. F. Introduction to the Calculus, The Macmillan Co., 1922, p. 6. 








860 SCHOOL SCIENCE AND MATHEMATICS 


In closing, let us venture two opinions which conflict with the 
point of view expressed by Dr. Lange in the final paragraph of 
her article. First, genuine exceptions to rules in mathematics can 
hardly be classified as logical inconsistencies in the subject. 
Second, ‘“‘mathematical law”’ does not seem to be so absolute and 
immutable as is often thought. To a certain extent, we deter- 
mine our own mathematical laws by choosing our assumptions 
and definitions, and making conventions as to the meaning of 
symbols to be used. After doing this, we must accept the logical 
conclusions resulting from our actions, or else go back and re- 
vise our original agreements. 


STILL ANOTHER VIEWPOINT 


LuIsE LANGE 
W oodrow Wilson Junior College, Chicago, Illinois 


Partly in response to the above pertinent criticism, and 
partly aside from it I shall, in the following, correct and expand 
my comments on the law in question. For while there were er- 
rors of omission I yet think that the treatment in terms of opera- 
tions in the complex is best suited to clarify the whole question. 


1. Regarding the number of true and false propositions. 


In the field of complex numbers every number (except zero) 
has » distinct mth roots (whose moduli are equal and whose am- 
plitudes differ by integer multiples of 27/n). Hence if the sym- 
bol ¥/z is used to denote all numbers whose mth power equals 
z it is clear that the proposition 


V 21° W/ 22 = W/ 21° Be (1) 





implies n* distinct statements obtained by combining each of the 
n roots of z; with each of the » roots of z2 and with each of the 
roots of (21-22); or also, m* statements obtained by equating 
each of the n? products \/2,-./z to each of the m distinct val- 
ues of ¥/2;- zs. 

Now—as can easily be seen and will be discussed at length be- 
low—each of the nm? products on the left side is equal to one of 
the » roots on the right side; and hence each such product is un- 
equal to the (7—1) other roots on the right side (since no thing 
can be equal to more than one among several unequal things). 
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Of the n* statements therefore which are implied by (1), n? 
are always true, and (m—1)-n? are always false. 

For n=2 this gives 2?=4 true and (2—1)-2?=4 false state- 
ments. This “‘half-true, half-false’’ situation, however, pertains 
only to m=2. As n increases the ratio of true to false statements 
1/n—1 decreases towards zero. E.g. of the 27 statements implied 
by the equation W2:-W2=Wa-2% 9 are true and 18 are false; 
of the 1,000 statements implied by ¥/z: \V % =~/%-% 100 are 
true and 900 are false, and so on. 

(If one generalizes from two to m factors in the product one 
finds similarly: of the nm™*! statements implied by AY 21:0 22 

» N/m =X/ t1:Z2 + + * Sm M™ are true and (m—1)-m™ are 
false. Thus, while for a given m the total number of true and 
false statements increases with the number of factors m, the 
ratio of true to false statements 1/n—1 remains the same. E.g. 
of the 243 statements implied by w/z: Wz: W235 = W122" 2 
81 are true and 162 are false; the ratio 81:162, however, is the 
same as for the product of two cube roots, 9:19.) 


2. How to obtain the true statements only. 


The law for the multiplication of complex numbers—accord- 
ing to which the amplitude of a product equals the sum of the 
amplitudes of the factors—affords a simple rule for obtaining the 
n® true statements implied by equation (1), and not also the 
(n—1)-n? false ones. This rule namely is that each of the n* prod- 
ucts on the left side is equal to that one of the n roots on the right 
side whose amplitude equals the sum of the amplitudes of its fac- 
tors. 

To elucidate this statement we first recall for a moment some 
facts and points of notation concerning complex numbers. 

Let z be a complex number of amplitude a=¢+- 2x where ¢ 
is the positive angle formed between the number-vector z and 
the positive real axis (fig. 1) and k may be any whole number. 
Let us call the angle ¢ the “‘principal’’ amplitude of z, and note 
that by definition 0<@<2rz. 

The amplitudes of ¥/z then are 


a o+k-24r 


n n 


By assigning to k the values from 0 to (n—1) all m distinct roots 
are obtained. Values of k differing from each other by multiples 
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of m represent the same root. Let us refer to the root belonging 
to k=0 as the “principal” mth root. 


IMAG. AXIS 


>\ 


REAL AX/S 








FIGURE 1 


In the number-plane the m distinct roots are located at the 
vertices of a regular n-sided polygon inscribed in a circle of 
radius ~/|z|, beginning (for k=0) at the arc distance ¢/n from 
the positive real axis and following each other counter-clock- 
wise. Fig. 2 shows the four distinct fourth roots of a number z as 
belonging to the respective values of k. 





Az 4 F939, coe 
A= 048,. 
PRINCI. 
ROOT 
A= 2,68. 
Ae3,7i,..- 





FIGURE 2 


Turning now to the law (1): Let the m amplitudes of the mth 
roots of two numbers 2; and 2: be respectively 
6 git ky: 20 got ke: 24 


1 and 6,=— 
n n 
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where &; and k can be arbitrarily assigned but may be re- 
stricted to values between 0 and m—1. Then the m amplitudes of 


(¢1+¢2) +kp: 2r 


n 


n 


Va'Z2 are 6,= 





where k, can be arbitrarily assigned. 

Since the amplitude of a product equals the sum of the am- 
plitudes of the factors each of the products ~/z,-~/z is equal 
to that one of the m values of W/x-2z for which k,=kit+he. 
The true statements implied by (1) are therefore those which 
fulfill the condition 





0, 0,46 TT) sal (2) 
n 

By combining all values of k; with all » values of ke the n? 
true statements, and no false ones are obtained. 

To illustrate this procedure for square roots of real numbers: 
n=2; k, and kz range from 0 to 1; for positive numbers ¢1= ¢2 
=(; for negative numbers ¢:=¢2=7. (See table on the following 
page.) 

To have such a general principle of procedure, equally valid 
for roots of any order and for all classes of numbers, is doubtless 
an advantage over the mathematically unsatisfactory “trial and 
error’ method of obtaining true and false statements alike and 
discarding the false ones upon inspection. 

We next wish to express this principle in symbols also. For it 
is through symbols capable of automatic manipulation that al- 
gebra becomes the powerful “‘thinking machine” that it is. 

Let the symbol ¥/z represent the particular mth root be- 

ad 


longing to k=k;; or also the particular root whose amplitude is 


o+k;:-2r 
@=—______- 
n 


To illustrate: the four fourth roots shown in fig. 2 would be, 
in counterclockwise order W/z, Wz, Wz, Wz, the suffix be- 
0 1 2 3 


1 In my previous treatment I had meant to use this same idea; but I had overlooked the possibility 
—pointed out by Mr. Stabler—of choosing the value of kp independently of &; and ks, wherefore I had 
presented as a demonstration what is more truly a rule of procedure. A worse omission, however, was 
that I had allowed for equal values of k only in the two factors, which led to unique roots where multiple 
roots exist.—These unique roots, however, which are obtained by using equal values of & only have a 
special significance in connection with fractional exponents. (See below.) 
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Operations in amplitudes Corresp. true statements 


| Rit ke | +6, 6, | 


0 0) 7 
0+0 “' ae 0 + JYa-+ Vb=4+vVa-b 
Jab | 0 O+2” 
0O+1 —— ° T + V/a:-— vVb=-va:b 
ae O+2r 0 
Va-b , 1+0 eae 1 — Va-+ Vb=-Va-b 
O+27 O+2 
1+1 > + > 2r — Va — Vb=4+Va-) 
2 2 | 
— } | | 
0+0 - + : T +ivVa-+tivb=—va-b 
onl x «w+2r ; 
V—a-V/—5)| 041 “ig > 2r +iv/a:-—-ivb=4+vVa-b 
eae u+lr : 
V—a:—b 1+0 nt ar 2r —ivVva+tivb=4+vVa-b 
at+2e e+2n P 
1+1 : + . 3nr —iv/a-—-ivVb=—-vVa-b 


ing equal to the respective value of k. It should also be noted 


4 4/ 4/ 4/ n n/ 
that Ws=W7s, Wz=wWsz, etc. more generally: ¥/z =~¥/z. 
4 0 5 1 k (k+n) 


To illustrate further: 


0+0-27 - O+1-27 
VFi-=+1(0- —=0); vFi=-1(0- -r) 
0 


2 1 2 
— r+Q:2r a ; w+1-27 3 
Vv=i-+i(0- —= ); y=i--i(6- = : 
0 2 2 1 2 2 
etc. 


Now it can easily be shown? that in this suffix notation our 
principle according to which the amplitude of the root from the 


2 The proof, which is easy to give but a little slow to write out in full length has for this reason been 
omitted 
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product must equal the sum of the amplitudes of the factors, 
finds the following expression :* 


Va VWze= VY aise if OSditde<2r (3a)) 
ky ke (ky + Ke) 

x) 21° Y 29 = x/ 2129 if 2r dite <4r (3b) | 
ky ky (ky +ko+)1 ; 


(The significance of the angle 27 in the above conditions is 
readily seen to be in this: If the sum of the two principal ampli- 
tudes fulfills the condition 0<¢:+¢2<27 then (¢1+¢2) is the 
principal amplitude ¢, of the product (fig. 3a). But if 2r<¢, 
+2<4m then this sum is not the principal amplitude of the 
product, but the principal amplitude plus the angle 27 (fig. 3b). 
E.g. in (—a)-(—b)=+(ab) the sum of the two ampl.tudes 
«+m =27; but the principal amplitude of the positive product is 
Q). 


> 


\ _—t <3 
‘ Saar . 
a” a V% 


i 














FIGURE 3a. FIGURE 3b. 


These formulas (3a and 3b) are valid for roots of any order 
from all classes of numbers. With their help we now can auto- 
matically obtain all the true and none of the false statements 
implied by (1). 

To demonstrate this we give below a few algebra exercises of 
this kind leaving the proofs to the reader. 

a) for 0<¢,:+¢2<27 according to formula (3a) 


2 These formulas can readily be extended to more than two factors; also to negative values of the ma- 
plitudes such as occur in connection with division problems. 








866 SCHOOL SCIENCE AND MATHEMATICS 





Vivi =vI mewel (1-—-1=—1) 
Viel =V/1 =V1=1 (—1-—1=+1) 
1 1 2 0 
V1-/—-1=/—-1=i (1-i=7) 
0 0 0 
V1-/-1=/-1=-i (—1-1=—1) 
1 0 1 
etc. 


b) for 2 $< ¢1+¢2<4m according to formula (3b) 


J/—1-/—-1=V1=-1 (i-i=—1) 

0 : 1 

\ as —1=V1=V1i=+1 (i-—-i=+1) 

0 2 0 

/—1- /FevJix VYi=-1 (—i--—i=-—1) 

1 1 3 1 j 
etc 


c) Some harder, “‘Miscellaneous”’ ones: 


oo 1 i 
WV —1-/—-1=71= ——_ ——_ V3 
0 1 2 2 2 
1 os 1 : ae 
( —+—,/3 }--1=——-——_-V3 
. 4 : 2 
VW-1-W-1=W1=W1=1 (-1--1=1) 
i 1 3 0 
W1 Wl =Wi=W1=1 (i--i=1) 
1 3 4 0 
Y-1¥—1=¥ =v [=i 
l 3 5 aa _ 
2 V2 w2 
(Beet) (EAE) =i). 
2 2 
etc. 


3. When and why the multiplication law ‘‘fails.” 


Equations (3) now show clearly just when and why the multi- 
plication law for roots “fails” at times. 

This happens when by definition the radical symbol is re- 
stricted to represent a particular one among the several roots 
only. The customary “‘textbook”’ restriction is that the radical 


‘In the case a cube roots of unity the two symbols «; and ws are customarily used to denote the 
two complex roots. The well-known relations wi?=w:; #s?=wi; witw:=1 are special instances of 


formula 3a. (y/ 1°9/1 =A/1; WIV 1=V/ 1=V/1; VTi = ~/i= Vv 1=1,) 
1 1 2 2 2 4 2 1 2 3 0 
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sign is to represent the positive root only. This restriction, how- 
ever, is generally applicable only to square roots of real num- 
bers, where only two roots, one positive and one negative exist. 
To make it applicable to roots of any order of any number we 
generalize the restriction and require that the radical sign shall 
denote the principal root only. (For square roots of real num- 
bers this restriction is at once seen to agree with the “textbook”’ 
restriction.) To remind ourselves, however, that we are now 
dealing with a particular root only we shall use the symbol 
introduced above for the principal root, namely ~/z. 

0 


Now if under the definition only principal roots are admitted 
the question concerning the validity of the multiplication law 
(1) takes the more specific form: Is the equation 


Z2= 12 


oz 
™ | 
p.. 

ods 

o<3 
a 
we 


(4) 
always satisfied? 

We have the answer ready: equation (4) is satisfied only un- 
der the condition expressed by (3a), that is, if OS ¢i1+¢2<2z. 

In the field of complex numbers this means that (4) holds 
without restriction only for numbers in the upper half of the 
number-plane exclusive of the negative real axis (¢1+¢2<27). 
In the field of real numbers it means that the law (4) holds for 
two positive numbers (¢:+¢2=0), and for one positive and one 
negative number (¢:+¢2=7). But that it fails for two negative 
numbers (¢:+¢2=27).3 

(Looked at from a broader point of view this “failing” of the 
law merely means that ~/z,-~/z instead of being equal to 

0 0 
\/a%, is equal to ¥/z2z2. Because of the restricted definition 
0 J 
however, <2 is now non-existent, or at least not admitted.) 
1 


4. Concerning fractional ex ponents. 


We still wish to bring the question of the fractional exponent 
in line with the treatment given above. 
If the symbol z”/" (m and n integers) is used synonymously 


5 This treatment explains also why—as Mr. Stabler points out—the division of two roots \/a/+/b = 
V a/b fails only if } is negative and a positive. Division of numbers means subtraction of their ampli- 
tudes. If both numbers are negative we have ¢1—¢: =x —x =0; If a is negative and b positive we have 
¢:—¢:=x —0=r-. In both these cases the difference between the two amplitudes equals the principal 
amplitude of the quotient, and hence the law holds. If, however, a is positive and b negative we have 
¢:—¢:=0—x = —#; here the difference between the two amplitudes is not equal to the principal ampli- 
tude of the quotient (which is x and not —#), and hence the law (4) fails. As a matter of fact one has in 
that case \/a/\/b= V a/b. 

=|} 
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with the symbol ~/z™, and if the latter is treated as denoting 
all roots the fractional exponent would thus also designate all 
n distinct numbers whose mth power equals 2”. This would re- 
main true also if m is a multiple of n, m=\-n; that is 2"/" would 
symbolize all ” distinct numbers whose mth power equals 2". 

If, however, we perform the indicated division 2"/"=z we 
thereby choose from among the roots one particular one, for 
z* (A integral) is one-valued. In particular, while z”/" would be 
n-valued, z"/" =z! has the one value z only.® 

This particular root obtained by dividing out in the exponent 
can at once be seen to be the root belonging to equal values of k 
in all factors z in the product 2", for in that case the amplitude of 
+/z" becomes equal to the amplitude of z, 

‘ n-(o+k- 27) 





=o+k-2r. 
nN 
Since this root is seen to be independent of the value of k one 
may, in particular, choose k=0. 
Thus, e.g., the roots (+1)??=(+1)!'=+1 and (—1)?? 
=(—1)'=—1 obtained by dividing out in the exponent are the 
ones obtained from formulas 3a and 3b by placing k=0 in all 


factors: Vv +1-V74+1=V74+1=+41, and V—-1-Vv-1=,\ 4.4 
=—1]. 0 0 0 0 0 1 


To sum up: 


1. If one treats the symbols for indicated mth roots as n- 
valued one gains the advantage that the multiplication law (1) 
applies in the same sense to all numbers. If used without quali- 
fications it holds and fails in the ratio 1:(m—1) for all numbers 
(as Dr. Sadowski had pointed out for square roots of real num- 
bers). If used with the proper qualifications specifying the par- 
ticular roots (as formulated in 3a and 3b) the multiplication 
law holds without exception for all numbers. This treatment 
seems therefore mathematically the most satisfactory. 

The disadvantage from the teaching point of view is, of 
course, that the treatment in terms of operations on complex 
numbers does not lend itself to an elementary presentation of 
the subject. (This disadvantage, however, can hardly be said to 
affect the case of square roots of real numbers.) 

2. If one treats the indicated roots as symbolizing only the 


* In my previous treatment I had concluded that since 2"/" becomes one-valued when the division 
in the exponent is performed, that it is one-valued also for the indicated division. 
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principal root the mathematical disadvantage is that the general 
validity of the law (1), (or rather of (4)) becomes restricted, in 
the field of complex numbers to the upper half of the number- 
plane (inclusive of the positive but exclusive of the negative real 
axis), and in the field of real numbers to positive numbers. 

The advantage from the teaching point of view is that the 
rules and the exceptions can be formulated, although not un- 
derstood, in terms of real numbers only. 

3. The use of specific symbols to denote particular roots 
would be of greatest help to exclude ambiguities. 


INEXPENSIVE VACUUM TUBE EXPERIMENT 


JosepH A. Mack 
McBride High School, St. Louis, Missouri 


CHARACTERISTICS OF A VACUUM TUBE 


Tracing the vacuum tube characteristic curve is a required 
experiment in many of the more recent High School Physics 
laboratory manuals, as well as in some of the revised editions. 
Having experienced difficulty in attempting to secure suitable 
apparatus for this experiment, the writer finally worked out this 
solution. 

The difficulties seem to fall largely into two classes: those of 
cost, and those involving the manipulation of equipment. Solv- 
ing both, and that in one piece of equipment should, conse- 
quently be quite a feat. The catalogues of several apparatus sup- 
ply houses were first perused. The types of apparatus offered by 
these houses varied widely in range of flexibility and in cost; in 
all instances more than the writer was willing to pay for six 
pieces of one kind. Besides, even if the price had been within the 
limits of his appropriation, the nightmare of three sources of 
current, A, B, and C, with the attendant four meters in the 
hands of pupils was the greatest deterrent. 

This seems to be the common judgment of physics teachers, 
for, as a salesman from one of these apparatus supply houses 
admitted, very few pieces of this type were sold in any one year. 

Most of the apparatus offered seemed designed for the older 
types of tubes, specifically those that show saturation, such as 
the obsolete type 01 A. Laboratory manuals are in most in- 
stances also rather vague as to the type of tube to be used, but 
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all presume that it will be a type that shows saturation. One 
exception to this is the Henry N. Black (Macmillan) laboratory 
manual which mentions the 6J5G triode. Since this is the text 
used in our school, and since this tube is a currently available 
type, it was thought wise to devise for our own needs, an appara- 
tus designed around this triode. 

The first consideration was that of eliminating battery supply 
of current. This immediately posed another question, that of a 
B supply, with the choice of a transformer-rectifier, or the volt- 
age doubler type. As the latter type would supply voltages up 
to the maximum allowable (250 v.) for such tubes as the 6J5G, 
and as the maximum was not especially desirable, the price con- 
sideration alone prevailed. Then followed the problem of a bias 








ee 





aK 
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Fic. 1. Circuit for determining the characteristics of a vacuum tube. 


supply. This could be derived from the B supply and even re- 
versed by means of a switch, so as to present both positive and 
negative voltages on the grid. With B and C supply accounted 
for, the filament supply reduced itself to a small filament trans- 
former. 

Two high resistance potentiometers should solve the diff- 
culty of B and C control. Manufacturers’ catalogues show the 
highest available resistance within the cost limitations to be a 
ten thousand ohm-fifty watt potentiometer to serve both as a 
bleeder and plate voltage control. 

When all the data had been assembled and reduced to the 
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minimum cost, it seemed feasible to have four meters, though of 
the cheaper variety, and still remain below the twenty-five dol- 
lar level. 

To list the solutions of the lesser difficulties in some order: 

1. The choice of VOLTAGE-DOUBLER as against the transform- 
er-rectifier was solved in favor of the voltage-doubler, since 
the maximum plate voltage allowable for the triodes was not 
especially desirable, and the cost ratio of the transformer was 
double that of the alternate choice. The usual several section 
filter circuit was omitted as meters read R.M.S., and one of the 
prime considerations was low cost. Tube manufacturers’ data 
show that a 32 mfd. condenser gives reasonable voltage regula- 
tion. As the cost of 40 mfd. condensers is but slightly higher, 





Fic. 2. The chassis. 


and as still better regulation can be expected, this size was 
adopted. With the bleeder circuit drawing a calculated 30 ma. 
and the maximum plate current remaining below 100 ma. at 200 
v. plate, the regulation was still satisfactory. The line resistor 
was mounted on top of the chassis for better heat dissipation. 

2. PLATE VOLTAGE CONTROL was obtained by a 10,000 ohm- 
50 watt potentiometer acting both as bleeder and control. Heat 
dissipation from the potentiometer was not bothersome as a spe- 
cial featured instrument was selected. 

3. BIAS VOLTAGE was obtained from the total B supply by 
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tapping some 30 volts with the aid of a s.p.d.t. rotary switch 
across a fixed resistor. 

4. BIAS VOLTAGE CONTROL: Reversing the s.p.d.t. switch 
placed the cathode potential at that of the tapped point. This 
enabled the bias voltage to be reversed to give either positive or 
negative values to the grid, though not of the same range. Ex- 
perimentally a 1250 ohm resistor with a shunt of a 10,000 ohm- 
4 watt potentiometer as grid control were found effective to give 
a maximum negative of thirty volts and a positive of about half 
that value at the higher plate potentials. A wirewound high re- 
sistance potentiometer with linear characteristic was chosen, 
and gives quite accurate control. 





Fic. 3. The panel board. 


5. TUBES: The choice of a triode with a 6Q base was fortu- 
nate as there are seven such tubes currently available, each with 
slightly different characteristics. This might appeal to teachers 
who wish to give separate problems to each student or group. 
The tubes are the 6C5G, 6J5G, 6L5G, and 6P5G, which rather 
closely resemble each other. The group 6AC5G, 6AES5G, and 
6AF5G are slightly more expensive, and vary somewhat as to 
plate voltage limits. 

As an alternate choice, another base was designed into the 
apparatus, at a very small additional cost, namely 4D, which 
will accommodate any of the older type tubes. Selection of the 
tube to be tested is obtained by a selector switch in the filament 
circuit. This switch is mounted on the top of the chassis between 
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the tubes. The tubes that can be tested on the 4D base, namely, 
00 A, 01 A, 12 A, 71 A, etc., usually show a plate saturation. 

6. The FILAMENT VOLTAGE CONTROL is a 30 ohm-4 watt rheo- 
stat in series with a 7.5 volt filament transformer. This will per- 
mit investigation at the tube’s rated voltage, as well as both 
above and below that level, and in both classes of tubes. 

7. METERS: The usual group of meters is used, namely, a plate 
voltmeter, 0-250 v. D.C.; grid voltmeter, 30-0-30 v. D.C.; a 
filament voltmeter, 0-8 v. A.C.; a plate milliammeter, 0-100 
ma. The higher ratios of ohm/volt were avoided to keep down 
the cost. 

8. TRIM: It was thought advisable to label every possible ad- 
justment knob with a name plate. This increased the cost, but 
the advantages were thought to outweigh the added expense. 


CRITICISM 
Advantages 

1. With the time of laboratory periods limited to an hour and 
a half, several tubes may be tested, or several students may use 
the same equipment as the time needed per family of curves 
runs about forty-five minutes. 

2. The apparatus is entirely A.C. operated. 

3. The piece is almost fool-proof. It is almost impossible to 
damage the equipment if the tubes are not left for a long time 
(several minutes) at the higher plate voltages and currents. 

4. A line switch controls the whole, while a selector switch de- 
termines which tube is to be measured. No tube need be re- 
moved unless several of the same base are to be tested. Safety is 
absolute, unless a hot line resistor is considered a menace. 

5. All the parts are standard radio equipment, easily obtaina- 
ble and replaceable. 

6. Where storage space is at a premium, the ease of storage or 
the compactness are appreciated; overall dimensions are 
8 X12 X7 inches. 

7. Everything is in one unit, and thus makes for ease in 
handling. 


Disadvantages 

1. Every change of grid voltage necessitates a readjustment 
of the plate voltage. 

2. The voltage regulation is not absolutely perfect. Regions 
may be encountered where the higher ranges of plate voltage, 
i.e., the 200 volt level cannot be reached. 
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3. The results will agree with manufacturers’ ratings + 2 ma. 
at any point, the discrepancy possibly due to the unfiltered plate 
current. 

4. The bias voltage range is unequal. 

5. The apparatus is limited to triodes and only to two classes 
of these. No provision for grid current measurement was made. 


MopDIFICATIONS 


A still more economical model, eliminating the filament volt- 
meter and rheostat, was built and this gives equally good re- 
sults. The 7.5 volt filament transformer was replaced by one of 
6.3 volts and the rheostat by a fixed resistor (7.5 ohm-1 watt) in 
the filament circuit of the 4D base. The selector switch was re- 
duced to a s.p.d.t. rotary switch. This modified form was 
slightly under twenty dollars for the cost of materials. 


PARTS REQUIRED 


B, Socket for Voltage Doubler—Amphenol, RS-6 
Be 6J5G (base 6 Q)— , RS-8 
Bs 01 A (base 4 D) , RS-4 
C, Condenser, Tubular electrolytic, Cornell-Dubilier, BR-4025 
M; Plate Voltmeter, 0-250 v. D.C.—Beede, #3 
M2 Grid Voltmeter, 30-0-30 v. D.C.—Beede, #3 
M; Plate Current Milliammeter, 0-100 ma. D.C.—Beede, #3 
M, Filament Voltmeter, 0-8 v. A.C.—Beede, #3A 
P, Potentiometer, 10, 000 ohm-6 watt—Mallory = ee 
P, Potentiometer, 10 000 ohm-50 watt—I.R.C. PR-5 
R; Line Resistor, "300 ohm-25 watt—Ohmite “Dividobm” 0371-B 
R, Fixed Resistor, 1250 ohm-10 watt—Ohmite “Brown Devil” 
R; Filament Resistor, 30 ohm-4 watt—Mallory M30R 
S; Line Switch, s.p.s.t., toggle 
S2 Commutator Switch, s.p.d.t., rotary, 
Ss Selector Switch, 3 point-2 gang, Mallory 3223-J 
T, Filament Transformer, 7.5 v.ct.—Stancor, P-5015 

Chassis, 7X12 X3—I.C.A. #4006 

Panel, 7X12—I.C.A. #3176 

Tubes, 25Z5 RCA (or) Raytheon 

6J5G 
O1A 





STARCH FROM CULL POTATOES 


Carloads of cull white potatoes, a former waste product of farms, will be 
fed into two new starch plants in Idaho, thereby adding about 20 tons of 
starch a day to the nation’s supplies and bringing $280,000 a year of new 
wealth to farmers. 

The plants, at Blackfoot and Twin Falls, will use about 19,000 tons of 
cull potatoes apiece in a year, paying a base price of $3 a ton plus a bonus, 
depending on market conditions. 





THE USE OF WATER-CULTURE METHODS 
FOR DETERMINING THE MINERAL 
REQUIREMENTS OF PLANTS 


Max Krauss 
Ferndale Union High School, Ferndale, California 


As an integral part of the course in General Biology a consid- 
eration of the synthesis of food materials by plants forms the 
basis of a broad “unit” of study that is not complete without 
some attention being paid to the importance of minerals in the 
economy of the plant. By the use of water-culture methods it is 
possible for a class to set up an experiment, or a series of experi- 
ments, that will clearly demonstrate the significance of the soil 
minerals in the normal growth and functioning of the plant. 

It is a comparatively simple matter to develop an experi- 
mental approach to the problem of the mineral requirements of 
plants, particularly if the class has had recent experience with 
an experimental analysis of the factors involved in photosynthe- 
sis. The scope of this analysis can be readily extended to include 
a consideration of the role of essential soil minerals. 

As an easy and effective device for initiating the desired ex- 
periments a plant or two can be germinated and the root system 
supplied with distilled water only, either as a true solution 
medium or in shavings or clean sand. Subsequent growth is ob- 
served by the class and the failure of the plant to grow normally 
can be directly correlated with the nature of the bathing solu- 
tion. The question is then raised, “‘What factors affecting the 
growth of plants are present in soil that are not present in dis- 
tilled water?” Further discussion will lead to the setting up of an 
experiment that will isolate the important soil minerals by 
demonstrating the effect on the plant of a lack of specific ele- 
ments. The necessity of establishing appropriate controls must 
be stressed, otherwise there is no exact way of evaluating the re- 
sults of the experiment except on the basis of the students’ pre- 
vious experiences, which are seldom of a critical nature. The 
exact experimental procedure to be followed may vary in details, 
but the following outline represents a simple and successful 
method: 

The necessary equipment is easily secured, and includes: (1) 
a supply of quart jars, either with metal screw-tops or with cork 
stoppers; (2) black paint; (3) some cotton; (4) a number of 
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corn, wheat, barley or other suitable plants, germinated in 
shavings, clean sand or on germination discs; (5) the nutrient 
solutions, the composition of which will be discussed later. The 
minimum number of jars needed to set up a satisfactory series of 
nutrient solutions is about seven or eight, but each solution can 
be duplicated at will. The outside of each jar is painted black, in 
order to exclude light from the roots, and a hole, about three- 
eighths inch in diameter, is drilled through each top. When the 
plants are one or two inches in height the experiment can be 
started. The jars are thoroughly washed, rinsed in distilled 
water, and filled with the appropriate solutions. The roots of 
the plants are rinsed in running water and one plant is inserted 
into each top, with a padding of cotton around the stem to hold 
the plant in place. Each jar, of course, must be distinctly la- 
beled according to the solution it contains. To begin with, the 
level of the solution in each jar should be nearly to the top, so 
that the roots are well covered. As the roots elongate, however, 
the level of the solution should be maintained an inch or two 
below the top, distilled water being added as transpiration 
through the plant results in the falling of the level. It is desira- 
ble, although not essential in the case of wheat and barley, that 
some means of aerating the solutions be provided. A ‘bicycle 
pump serves the purpose very well, and air should be pumped 
through each solution once a day. If possible, a system of con- 
tinuous aeration should be provided. Because of changes in the 
composition of the nutrient solutions resulting from the meta- 
bolic activities of the plants, it is necessary to change the solu- 
tions every two weeks, and even more often if the condition of 
the plants is not satisfactory. In order to avoid any complicating 
factors the plants should be placed in the most favorable loca- 
tion possible, and meticulous attention must be given the de- 
tails of solution level, aeration and changing the solutions. 

In preparing the solutions the most satisfactory results are 
obtained if distilled water and C.P. chemicals are used. Tap 
water and technical grade chemicals are apt to introduce suffi- 
cient quantities of essential elements to upset the results. Except 
for iron and phosphate, the only serious practical consideration 
to be given the concentration relations of the various elements 
is that there is a sufficiency. The plant is not critical with regard 
to the concentration of individual salts or even with regard to 
the total solution. In the case of iron and phosphate, if there are 
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large amounts of iron present the iron ties up with the phos- 
phate, taking both out of solution. Even without an excessive 
amount of iron, the iron will go out of solution because of dif- 
ferential absorption resulting in the rapid exhaustion of the 
phosphate and a consequent rise in hydrogen ion concentration. 
Such a condition is best controlled by the frequent addition of 
small amounts of iron. In this way, and by changing the solu- 
tions frequently, it is possible to maintain these minerals in 
solution in adequate amounts. With respect to the so-called 
“trace-elements,’’ which are toxic when present in excessive 
quantities, a supplementary solution containing appropriate 
concentrations of these elements can be added, although it is 
possible that most of these are present as impurities even in 
C.P. chemicals. 

The initial pH of the solutions should be approximately 6. No 
adjustment of pH is necessary if distilled water is used, but if it 
is necessary to use tap water a preliminary test should be 
made and the pH corrected if necessary. In order to determine 
the pH of the water used test the acidity of a measured sample of 
the water by adding a few drops of bromthymol blue indicator. 
A yellow color of this indicator indicates an acid reaction, green 
a neutral reaction, blue an alkaline reaction. If the water tests 
yellow no further adjustment is necessary, but if the original 
color is green or blue, add 3 per cent C.P. sulfuric acid slowly 
with stirring until the color just changes to yellow. The amount 
of acid required to attain the desired pH should be recorded and 
a proportionate amount added to each culture jar. Further ad- 
justment of pH is usually not necessary if the solutions are 
changed frequently. 

A solution containing all of the essential elements should be 
used as a control. Molar stock solutions (except when otherwise 
indicated) are prepared for each salt, and the amounts indicated 
below are used. 


cc. in a liter of 
nutrient solution 


M NH,H2PO,, ammonium acid phosphate..................... 1 
848 Pr rrrr rT Tere eer rer rT eT e 6 
ee Vek, CE I  .  wcdiveb ies a eesaws qenelekhan 4 
ee er, SNES GUI... >. na ndwenneneetaedk<csddanees 2 
0.5 per cent iron tartrate or other soluble iron salt, once or twice a 
WIN 5.8 6.5 ok edn nese sno win ee ae eR ea Re ee Sle eee ne 1 


I GUIs oi abn 80 heehee ce cheonenseeresnees 1 
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The supplementary solution is made up as follows: 
grams dissolved in 
1 liter of water 


es a kew bed biensbseesesdbseceieos 2.86 
MnCl,:4H»O, manganese chloride.................2.000eceeees 1.81 
Tee eek eeanaecereuecawaes 0.22 
SE cna c cerns ccbsccoseccnccens 0.08 
ee 0.02 


When 1 cc. of the supplementary solution is added to 1 liter 
of nutrient solution the following concentrations are obtained: 


parts per million 


Element of nutrient solution 
EMER He eats aed ah hs aa Cae PA kd ORICA ARS Ged we EPS 0.5 
ee cece os Gta eas bw Lew ede VA aiendenweneaee's ar 0.5 
ae he ad a .. 0.05 
nee ei ya hig OER ko idrked add esis wade eds . 0.02 
a chen ee kOe eRCah Che oheukse4 beens .... 0.01 


The nutrient solutions to be used in demonstrating specific 
mineral deficiencies are made up as follows: 


cc. in a liter of 
nutrient solution 
1. Solution lacking nitrogen 


Oe 5 
M MgSQ,, magnesium sulfate....................0000005 2 
0.05M Ca(H2PO,)2, calcium acid phosphate........... oxiaaateelae 
i 200 
2. Solution lacking potassium 
a 5 
M MgSQ,, magnesium sulfate................... cece 2 
0.05M Ca(H2PQ,)2, calcium acid phosphate................ 10 
3. Solution lacking phosphorus 
SS 4 
EE 6 
M MgSO,, magnesium sulfate...................... ‘eos oe 
4. Solution lacking calcium 
ee I MRIS, ics c scenes seeascevescsas 5 
M MgsSO,, magnesium sulfate...................0e eee eeee 2 
M KHb>PO,, potassium acid phosphate..................... 1 
5. Solution lacking magnesium 
4 
M KNO,, potassium nitrate.................... bee 6 
M KH2PO,, potassium acid phosphate........... 3 
3 


0.5M K2SO,, potassium sulfate............... 
6. Solution lacking sulfur 


Be Meet, CUUCUE MOITREE. ... 6. ccc ccc secs evcnene 4 
M KNOsg, potassium nitrate..................-.eeee. ae 
M KH2PQ,, potassium acid phosphate................... —— 
M Mg(NOs)2, magnesium nitrate...................00000- 2 


7. Solution lacking iron 
Complete solution with no iron added. 


To each of these solutions add the supplementary solution. To 
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all except the solution lacking iron add iron as in the complete 
solution. 

Special techniques are usually required in order to demon- 
strate deficiencies of specific trace elements, so it is hardly 
worthwhile to attempt to do this in a beginning course in Biol- 
ogy. A solution can be prepared, however, lacking only the 
supplementary solution, and interesting results may be ob- 
tained. 

In adjusting the pH of the solution lacking sulfur, if this is 
necessary, use 0.1 N HNO; instead of the sulfuric acid. 

Observations on the growth of all plants should be made at 
regular intervals. These should include: (1) measurement of 
height of plants; (2) number, color and general condition of 
leaves; (3) color and sturdiness of stems; (4) condition of roots. 
The observations should be continued over a period of time long 
enough for significant effects to have appeared in the plants in 
the deficient solutions. Some effects to watch for are: (1) chloro- 
sis; (2) mottling of the leaves; (3) wilting; (4) fragility of leaves 
and stems; (5) abnormal root development. For further infor- 
mation on the effects of specific mineral deficiencies a textbook 
of plant physiology should be consulted. 

All observations should be recorded by each student in tabu- 
lar form for ease in interpretation and summarizing. Growth 
curves of the individual plants can be plotted on graph paper. 
Upon the conclusion of the experiment each member of the class 
will have at his disposal a body of significant information from 
which concise and relative conclusions can be formulated con- 
cerning the mineral . :quirements of plants. The last phase of 
the experiment, that of formulating conclusions, can be done 
either by the individual students or by the class as a whole. 


A USE FOR OLD GLOBES 


Rosert H. Lone, Hartford Central School, 
Hartford, N. Y. 


Old globes or those out of date now from the geography department can 
be converted into very useful science equipment by applying a coat or two 
of aluminum paint (or, in interests of national defense, white paint). Such 
painted globes are excellent for demonstrating phases of the moon, day 
and night and eclipses as they afford good reflecting surfaces in darkened 
rooms. 








THE SUMMER SOLSTICE, 1941 


EpGAR H. WEBSTER 
Allanta University, Fairhope, Alabama 


The local paper told us recently that summer began on June 
21, the day of the Summer Solstice. The name “‘solstice”’ refers 
to the fact that at the Summer Solstice and also at the Winter 
Solstice the sun appears for some days to remain at the same 
distance or same ‘“‘declination” from the Equator. On June 17 
the sun rose at 4:48 A.M. and set at 6:58 P.M. giving a day of 
light of 14 hours 10 minutes. And these readings held for each 
day up to June 24. So that for 8 days the sun apparently stood 
still. 

The Ecliptic or assumed path of the sun around the earth is 
almost a great circle of the heavens, inclined to the Equator at 
233 degrees approximately. This fact fixes the position of the 
Tropics at 23} degrees North Latitude and South Latitude. 
The sun’s motion at any moment is the resultant of an easterly 
motion of about a degree per day with a north or south com- 
ponent which covers about one fourth of a degree per day (47 
degrees/180 approximates .25). 

That the sun apparently stood still for 8 days means that at 
this time the sun was about to turn from the Tropic of Cancer, 
and that for those days the southerly component of its motion 
had become zero. This means that the sun’s motion had become 
all to the east. This is a little more marked by noting that on 
June 12 daylight was 14 hours 9 minutes and on June 24 was 
14 hours 10 minutes. So that in 12 days there was a change of 
only one minute in daylight. The contrast of these readings with 
those at the Spring Equinox is also marked. On March 12 day 
was 11 hours 52 minutes long. On March 24 it was 12 hours 15 
minutes long. This shows a gain in length of day of 23 minutes 
in 12 days as against only one minute in the same length of 
time at the June Solstice. These readings show that while at the 
Solstices the northerly or southerly component drops out of the 
solar motion, at the Equinoxes these components reach their 
maximum value. 

A critical point in a curve is the point at which some unusual 
change occurs. There are four such critical points in the Ecliptic 
(or the orbit of the earth): (1) at the winter solstice (Dec. 22) at 
which time the southerly component drops out and the motion 
becomes all to the east: (2) at the Spring Equinox, Mar. 21, at 
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which point the northerly component is greatest having in three 
months increased from zero to a maximum; (3) at the Summer 
Solstice, June 21, at which the northerly component has become 
zero and the Solar motion is again all to the east; (4) at the Fall 
Equinox, Sept. 22, when the southerly component reaches its 
maximum and the easterly component is at its minimum. From 
this point the southerly component gradually reduces to zero 
and the winter solstice has been reached. 

We may think of the sun and a star being on the meridian at 
the same time—and this means the center of the sun. When the 
star returns to the meridian the interval of time measures the 
rotation of the earth, and is known as a “‘Sidereal Day.” In this 
time the sun will have moved nearly a degree to the east, and 
will require about 4 minutes more to reach the star. This is the 
Solar Day and is about 4 minutes longer than the Sidereal or 
“Star” day. This leads to the interesting fact that the earth 
rotates 366} times in a Solar Year of 365} days. 

The length of the Solar day is determined by the time that 
elapses from the Sun in the South to its return to the South.* 
This is from Sun Noon to Sun Noon. This is a very different 
thing from Clock-Noon. The clock measures the average or mean 
Solar day. Being an average day it is at times ahead of the sun, 
or ‘‘fast’’; and sometimes behind the sun or “‘slow.”’ But the sun 
is a disc and not a point. The diameter of the sun varies with 
its distance from the earth, but averages about 32 minutes of 
arc. (32’) As the sun moves toward the west about a degree in 
4 minutes, it will take about 2 minutes for the sun to pass 
through the South point. When then we say “The Sun is in the 
South” we mean that the center of the sun is on the meridian 
of the place. 

The velocity of the earth depends upon its distance from the 
sun, being greatest January 3 when at Perihelion, and least 
July 3 when at Aphelion. Thus, for a half year or from Fall 
Equinox to Spring Equinox the Solar days are longer than the 
average; and from Spring Equinox to Fall Equinox shorter than 
the average. This fact seems to show that for a half year, from 
the Fall Equinox to the Spring Equinox the Solar Day is longer 
than the clock day; and that from the Spring Equinox to the 
Fall Equinox the Solar days are shorter than the average or 
clock day. The problem is not quite so simple. For the move- 


* In the southern hemisphere it is from Sun in the North to its return to the North. 
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ment of the earth toward the east is further affected by the 
varying value of the northerly or southerly component of its 
motion, being most effective at the equinoxes and zero at the 
solstices. Between these two causes the Sun and the Clock are 
together only 4 times a year. 

The orbit of the earth is an ellipse with an average radius 
vector of 93 million miles. This gives an orbit approaching 600 
million miles. This makes a very flat curve. And this shows itself 
as the earth approaches a Tropic. For some days the two 
curves lie together so that sunrise and sunset are the same for 
several days. And as sunrise is the moment when the upper limb 
of the sun is 34 minutes of arc (34’) below the horizon, the sun 
lies on the Tropic for several days. The Astronomial Solstitial 
moment must be at the instant the center of the sun slides on 
and then slides off the tropic. 

It would seem that the longest Solar Day should be when the 
earth is in Perihelion or January 3. But the motion all east at 
the winter solstice, almost immediately the south component of 
motion comes in to modify this motion toward the earth, so 
that the longest Solar Day is on December 24 and not January 3. 

Note: The readings in this study are taken from the daily 
weather report of the Mobile Weather Bureau. 





TO ILLUSTRATE 


MINNETTE MacKay 
2421 Carlton Street, Berkeley, California 


“Our book doesn’t give any answer to that fifth question, 
Miss Jones.” 

“Oh, yes, Grace. All the questions in this test are answered in 
the textbook.” 

Over three fourths of the class agreed with Grace. 

“‘How many saw the answer in the book?” challenged Miss 
Jones. 

Scattered students raised their hands. They smiled with secret 
amusement, for the answer to question five was not in the 
printed text but in a labeled illustration. 

Miss Jones became interested. How many students use the il- 
lustrations which presumably illuminate the text? She knew 
that today’s students, like the adult population, enjoy pictures. 
If they do not use textbook illustrations the reason cannot be 
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any inherent objection to them because they are pictures. 

Miss Jones framed subsequent test questions based on illus- 
trations. She questioned orally dozens of classes concerning 
their reactions to illustrations. In a few classes as many as one 
third of the students studied the illustrations. More often, at 
least three fourths of a class treated most textbook figures and 
pictures as obstructions to be hurdled. 

“Tf you do not use them, why not?” 

The students answered willingly: 

“They’re too complicated.” 

“They’re not about interesting things.”’ (Miss Jones has not 
correlated this answer with lack of interest in the subject it- 
self.) 

“They break right into a sentence and when you read on to 
the end of the sentence you forget to look back.”’ 

“Sometimes they’re two or three pages from what they’re 
supposed to explain and you have to keep turning back and 
forth.”’ 

‘“They’re not clear.”’ 

“The labelings aren’t good.” 

One boy volunteered, “I had a teacher who let us look at a 
picture for five minutes then asked us questions about it. You’d 
be surprised how much you don’t see.” 

Miss Jones wonders: . 

1. Could some illustrations show more by showing less? If 
not, would their space be more valuable than their presence? 

2. Are some students, especially girls, confused by mechani- 
cal illustrations? (A grovp of boys offered this observation.) 

3. Is there a best technique for labeling illustrations? 

4. Could a book be put together without having the illustra- 
tions “‘break right into a sentence?” (Miss Jones confesses that 
she herself is irritated when a sentence is split by a picture.) 

5. Could teachers encourage more students to treat illus- 
trations as sources of fruitful investigation rather than as de- 
vices for reducing the amount of reading matter on a page? (Or 
is Miss Jones the only teacher who has met this attitude toward 
illustrations?) 





Higher mathematics, of course, means simply those branches of the 
science which have not as yet found a wide field of application and hence 
have not as yet, so to speak, emerged from obscurity. It is, therefore, a 
temporal and subjective term.—Dr. H. M. Evjen, Shell Oil Company. 








Day Year 
1 1580 
1 1846 
1 1867 
1 1743 
2 1859 
3 1753 
5 1855 
6 1835 
6 1778 
6 1863 
7 1810 
8 1795 
x 1845 
9 1748 
9 1868 
9 1717 
10 1795 
10 1817 
11 1863 
11 1843 
12 1866 
13 1730 
13 1805 
14. 1546 
15 1852 
15 1780 
16 1857 
16 1826 
16 1805 

17 1835 
17 1778 
17 1853 
17 1797 

17 1853 

18 1854 

18 1856 

19 1832 

19 1852 

19 1742 

20 1876 

20 81805 

21 1876 

21 1773 

21 1823 

23 =1732 

23 +1797 

23 1872 

24 1761 

24 1818 

25 1642 

27 =: 1571 


SCIENTISTS FOR DECEMBER! 


James D. TELLER 
College of Education, Ohio State University 


Name 


Nicholas Claude Fabri De Peiresc 


William Henry Holmes 
Vernon Lyman Kellog 
*Martin Heinrich Klaproth 
Ludwig Knorr 

Samuel Crompton 

Clinton Hart Merriam 
Rudolf Fittig 
*Joseph Louis Gay-Lussac 
*Charles Martin Hall 
*Theodor Schwann 

Peter Andreas Hansen 

Sir Thomas Edward Thorpe 
*Claude Louis Berthollet 
*Fritz Haber 

Johann Joachim Winckelmann 
Matthias William Baldwin 
Fielding Bradford Meek 
Annie Jump Cannon 
*Robert Koch 

Alfred Werner 

*Sir William Hamilton 
Johann von Lamont 
*Tycho Brahe 

*Antoine Henri Becquerel 
*Johann Wolfgang Débereiner 
Edward Emerson Barnard 
Giovanni Battista Donati 
*Isidore Geoffray Saint-Hilaire 
*Alexander Emanuel Agassiz 
*Sir Humphry Davy 

Sir George Laurence Gomme 
*Joseph Henry 

Pierre Paul Emile Roux 
Stanley Lane-Poole 
*Sir Joseph John Thomson 
Sir John Kirk 
*Albert Abraham Michelson 
*Karl Wilhelm Scheele 
Walter Sydney Adams 
*Thomas Graham? 

Jerome Alexander 
*Robert Brown 
*Jean Henri Fabre 
*Sir Richard Arkwright 
Adrien Laurent Henri De Jussieu 
Charles Stuart Gager 

Jean Louis Pons 

*James Prescott Joule 


*Sir Isaac Newton 


*Johann Kepler 


Birthplace 


Beaugensier, Provence, France 
Harrison County, Ohio 
Emporia, Kansas 
Wernigerode, Germany 
Munich, Germany 

Firwood, Lancashire, England 
New York City, N. Y. 
Hamburg, Germany 

St. Léonard, France 
Thompson, Ohio 

Neuss, Prussia, Germany 
Tondern, Schleswig 
Harpurhey, Manchester 
Tallaire, France 

Breslau, Germany 


Stendal, Brandenburg, Germany 


Elizabethtown, N. J. 

Madison, Indiana 

Dover, Delaware 

Klausthal, Hanover, Germany 

Mulhouse, Alsace? 

Scotland 

Braemar, Aberdeen, Scotland 

Scania, Denmark 

Paris, France 

near Hof, Bavaria, Germany 

Nashville, Tennessee 

Pisa, Italy 

Paris, France 

Neuchitel, Switzerland 

Cornwall, England 

London, England 

Albany, N. Y. 

Confolens, Charente, France 

London, England 

Near Manchester, England 

Barry, near Arbroath 

Strelno, Germany 

Stralsund, Sweden 

Antioch, Syria 

Glasgow, Scotland 

New York City, N. Y. 

Montrose, England 

Aveyron, France 

Lancashire, England 

Paris, France 

Norwich, New York 

Peyres, France 

Salford, near Manchester, 
England 

Woolsthorpe near Grantham, 
England 

Weil, Wiirttemburg, Germany 
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A CALENDAR OF THE BIRTHDAYS OF 


Specialty 


Archaeologist 
Anthropologist 
Zoologist 
Chemist 
Chemist 
Inventor 
Biologist 
Chemist 
Chemist 
Inventor 
Physiologist 
Astronomer 
Chemist 
Chemist 
Chemist 
Archaeologist 
Inventor 
Geologist 
Astronomer 
Bacteriologist 
Chemist 
Archaeologist 
Astronomer 
Astronomer 
Physicist 
Chemist 
Astronomer 
Astronomer 
Zoologist 
Zoologist 
Chemist 
Archaeologist 
Physicist 
Bacteriologist 
Archaeolcgist 
Physicist 
Naturalist 
Physicist 
Chemist 
Astronomer 
Chemist 
Chemist 
Botanist 
Entomologist 
Inventor 
Botanist 
Botanist 
Astronomer 
Physicist 


Natural 
Philosopher 
Astronomer 
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7 1822 “Louis Pasteur Déle, Jura, France Chemist 
26 1756 Bernard Germain Etienne De La Agen, France Naturalist 
Ville Lacépéde 
28 1882 *Sir Arthur Stanley Eddington Kendal, England Astronomer 
28 1818 Karl Remigus Fresenius Frankfort-on-Main, Germany Chemist 
28 1835 “Sir Archibald Geikie Edinburgh, Scotland Geologist 
29 1840 Anton Dohrn Stettin, Germany Zoologist 
29 1800 *Charles Goodyear New Haven, Connecticut Inventor 
29 1816 Karl Friedrich Wilhelm Ludwig Witzenhausen, near Cassel, 
Germany Physiologist 
29 1766 Charles MacIntosh Glasgow, Scotland Chemist 
29 1796 Johann Christian Poggendorff Hamburg, Germany Physicist 
30 1839 Albert Auguste de Lapparent Bourges, France Geologist 
30 1850 John Milne Liverpool, England Seismologist 
30 1840 George Henry Vennor Montreal, Canada Geologist 
31 1864 Robert Grant Aitkin Jackson, California Astronomer 
* The starred names have been used by the writer in various bulletin board projects during the past 


twelve years 

1 Unless otherwise indicated all data are taken from The Encyclopaedia Britannica, 14th edition. For 
the uses and limitations of such a calendar, the reader is referred to the article which accompanies the 
calendar for October in Scuoot ScrENCE AND MATHEMATICS, Vol. XLI, pp. 611-619, Oct. 1941. 

2 Data taken from The Encyclopedia Americana, 1939 edition. 


PROBLEM DEPARTMENT 


ConDucTeED By G. H. JAMISON 
State Teachers College, Kirksville, Mo. 

This department aims to provide problems of varying degrees of difficulty 
which will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here pro- 
posed. Drawings to illustrate the problems should be well done in India ink. 
Problems and solutions will be credited to their authors. Each solution, or 
proposed problem, sent to the Editor should have the author’s name intro- 
ducing the problem or solution as on the following pages. 

The editor of the department desires to serve its readers by making it 
interesting and helpful to them. Address suggestions and problems to G. H. 
Jamison, State Teachers College, Kirksville, Missouri. 


SOLUTIONS AND PROBLEMS 


Note. Persons sending in solutions and submitting problems for 
solutions should observe the following instructions. 

1. Drawings in India ink should be on a separate page from the 
solution. 

2. Give the solution to the problem which you propose if you have 
one and also the source and any known references to it. 

3. In general when several solutions are correct, the one submitted 
in the best form will be used. 


LATE SOLUTIONS 
1720. C. F. Holmes, Washington, D. C. 
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SOLUTIONS OF PROBLEMS 


1723. Proposed by D. L. MacKay 

Solve 77 +87 =9-. 

Note: The problem of finding an approximation for x was offered by Roy 
Wild, New Boston, Mo. He did this by writing 8 =(8 +1) —(8 —1)* and 
applying the binomial theorem. A value of 3.94 was found by use of a 
cubic equation arising from neglecting terms in the binomial expansion. 
Editor. 

1724. Proposed by Walter R. Warne, Rochester, New York. 
(* yxy 27 
Solve jy? 2? y «x 4 (1) 
(x?-++-y? = 20 
Solution by William A. Richards, Berwyn, Il. 
We may write (1) above 
(x?+-*)? 9 wy _ 27 


(xy)? xy 


eee ea 
or —— —— — 


Put 20/xy =z 
Then 42?+4z2 —35 =0, or z=5/2 and —7/2 
Hence xy =8, or xy = —40/7 


al 


Solving ep ove obtain these four solutions: (+2, +4) 


2 ~ ell 
Solving xy = —40/7 
x?-+-y?= 20 


for, sy'or a 
(+4/ t7v 33, + 4/ F=VR ). 

Since all eight of these solutions satisfy the original two equations they 
are the required solutions. 

Solutions were also offered by C. W. Trigg, Los Angeles City College; 
Brother Felix John, Pittsburgh, Pa.; Roy Wild, New Boston, Mo.; Joseph 
M. Synnerdahl, Chicago Ill.; Bertha Brown, Waterloo, New York.; Libbie 
Ditmars, Elmbeach, New York; Miss Emily Countryman, Hastings, Minn.; 
Walter R. Warne, Cornwall-on-Hudson, New York; Mae Haggerty, Mc- 
Duffietown, New York; Hazel White, East Varick, New York; Hugo Brandt, 
Chicago, Ill. 


1725. Proposed by Flora Bell, McDuffietown, New York 
A number of three digits in the scale of 7 when expressed in the scale of 
9 has the order of its digits reversed. What is the number? 


we obtain four more solutions: 


Solution by Walter Sackett, Jr. Evanston, Ill. 
Let a, b, and c, represent the digits of the number. 
Then 
49a +7b+c =81c+9b+a 
48a = 80¢c+2b 
24a =40c +) 
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Since a, 6, and ¢ represent integers less than seven, the only solution is 


a=5 
b=0 
c=3 


Therefore the number is 503. 

Solutions were also offered by C. W. Trigg, Los Angeles City College; 
Aaron Buchman, Buffalo, New York; Brother Felix John, Pittsburgh, 
Penn.; and Hugo Brandt, Chicago, IIl. 


1726. Proposed by F. C. Brady, Seneca Falls, New York. 
Find the condition in terms of a, 6, and c that x® —10a*x?+04x +c5 =0 has 
three equal roots. 


Soluiion by C. W. Trigg, Los Angeles City College 
Since imaginary roots occur in conjugate pairs, if an algebraic equation 
with real coefficients has a triple imaginary root it must be at least the sixth 
degree. So if a fifth degree equation has a triple root, this root must be real. 
Furthermore, if f(x) =0 has a triple root, then this root is a single root or 


f"(x) = (). 


f(x) =x —10a°x? +d4x +c5 =0. 
f*(x) =20x4 — 20a? = 20(x —a)(x*-+-ax +0") =0. 


Since the only real root of f’(x) is x =a, then a is a triple réot of f (x) 
and satisfies f (x). Hence, substituting, the condition that f(x) have three 
equal roots is 

c'+b4a —9a5 =0. 


Solutions were also offered by Hugo Brandt, Chicago. IIl.; Brother Felix 
John, Seneca Falls, New York; and Walter R. Warne, Rochester, New 
York. 

1727. Proposed by John P. Hoyt, Annapolis, Md. 
If A and B are fixed points, BX an indefinite line making a fixed angle 


ABX, C any point on BX, CBJ and ACE equilateral triangles, and F the 
mid point of EJ. Find the locus of F as C moves along BX. 


Solution by Aaron Buchman, Buffalo, N. Y. 


Construct two equilateral triangles ABS and ABS’ upon base AB, where 
AS makes a counter-clockwise angle of 60° with AB and AS’ makes a 
clockwise angle of 60° with AB. Let M be the midpoint of BS and let M’ be 
the midpoint of BS’. Through M and M’ construct parallels to XB. 
Through M construct a parallel to the position XB would take if the plane 
were rotated 60° counter-clockwise about A as pole. Through M’ construct 
a parallel to the position XB would take if the plane were rotated 60° 
clockwise about A as pole. The above four lines form the locus of F. 

Proof 

There are evidently four pairs of equilateral triangles given, since two 
such triangles can be constructed upon AC and two upon CB. 

Case I. Let AE make a counter-clockwise angle of 60° with AC, and 
let CJ make a counter-clockwise angle of 60° with CB. As C moves along 
BX, the locus of J is evidently BJ V. Since AE = AC, and angle EAC =60°, 
then, if in polar coordinates, A is the pole and AC and AE are radius vec- 
tors, it is at once evident that as C moves along XB, the locus of E is a 
line, EY, which is in the position XB would take if the plane were rotated 
60° counter-clockwise about A as pole. From the above it is evident that 
as C moves to the right to W, J moves up to V and E moves down to I, 
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so that CW =JV =EY. Now both loci make an angle of 60° with XB. 
Also, distances measured in opposite directions from a line have opposite 
signs. Thus, as C moves along XB, the distance of F from XB, which is the 
average of the distances of E and J from XB, remains unchanged. Thus 
the locus of F is a line parallel to XB. If we take CB =0, it is at once evi- 
dent that this locus passes through M. 


\ 
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Case II. Let triangle AEC be taken as in case I, and let triangle CBJ’ 
be opposite triangle CB/. The locus of J’ is BJ’V’ and as before, J/'V’ =EY, 
both segments going in the same direction. Thus, as C moves along BX, 
EJ’ remains parallel and equal to itself, and the locus of F’ is a parallel 
to EY. As in case I, we can show that this locus passes through M also. 

A proof similar to cases I and II holds for cases III and IV. 

Thus the complete locus of F consists of the above four lines. 

Solution also offered by the proposer. 


1728. Proposed by Thomas A. Pickett, So. Weymouth, Mass. 
How many different right triangles are ‘there whose sides are integers 
less than 100? 
Solution by the proposer 
Represent the sides of the right triangle by ax, a?—x*?/2, and a*+2*/2 
which satisfy the Pythagorean Theorem. 
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Substitute odd integers for a and x, with a always greater than x, and 
evaluate. This gives the basic types of triangles. 

The number of triangles of each type is the number of multiples of the 
hypotenuse less than 100. 


Value Type of triangle Number of each type 
a x 
3 1 $3 64 § 19 
5 1 > & 7 
7 1 7 24 25 _ 
9 1 9 40 41 2 
11 1 11 60 61 1 
13 1 13 84 85 1 
5 3 i5 8 17 5 
7 3 21 20 29 3 
9 3 (Multiple duplicate of 3-1) 
11 3 33. 3% 6 1 
13 3 39 80 89 1 
7 5 so iz 37 2 
) 5 45 2 33 1 
11 5 55 48 71 1 
13 5 65 72 97 1 
9 7 63 16 65 1 
11 7 77 36 «85 1 
50 


Hence there are 50 different right triangles whose sides are integers less 
than 100. 

Solutions were also offered by D. F. Wallace, Minn; William A. Richards, 
Berwyn, Ill.; Hugo Brandt, Chicago, Ill.; and Brother Felix Johns, 
Pittsburgh, Pa. 





STUDENT HONOR ROLL 


The Editor will be very happy to make special mention of high school 
classes, clubs, or individual students who offer solutions to problems sub- 
mitted in this department. Teachers are urged to report to the Editor such 
solutions. 

For this issue the Honor Roll appears below: 

No high school student contributions have been received. What is 
wrong? We want your solutions. Editor. 





PROBLEMS FOR SOLUTION 


1741. Proposed by Walter M. Sackett Jr., Evanston, Ill. 
Solve the System 
x=y 
Qe =¥ 


1742. Proposed by Dr. Newton C. Jones, Niagara Falls, N. Y. 

“A tramp was making his weary way along the railroad tracks when 
suddenly he found himself in a terrible predicament. He was on a bridge 
just one track wide and a fast express train was approaching him at the 
rate of 90 miles per hour. At that instant the train was twice the length of 








890 SCHOOL SCIENCE AND MATHEMATICS 


the bridge away from the end of the bridge. The tramp made a lucky guess 
and ran toward the train just missing it by a foot. If he had gone the other 
way he would have been hit three inches from the end of the bridge. 
“How long was the bridge?” 
1743. Proposed by John P. Hoyt, Annapolis, Md. 
Find the volume of a tetrahedron whose edges are a, b, c, d, e, and f. 


1744. Proposed by Georgia Day, Romulus, N.Y. 

Find the area of a triangle ABC, in terms of the angles and s, where 2s 
is the perimeter. 
1745. Proposed by Ethel Kunes, Starkey, N.Y. 

In triangle ABC show that sin (B—C) =)? —c?/a? sin A. 


1746. Proposed by Walter R. Warne, Rochester, N. Y. 


In triangle ABC find the length of AH, H being the ortho-center, in 
terms of angle A and side a. 





SCIENCE QUESTIONS 
December, 1941 


Conducted by Franklin T. Jones, 
10109 Wilbur Avenue, SE, Cleveland, Ohio 


Contributions are desired from teachers, pupils, classes and general readers. 
Send examination papers from any source whatsoever, questions on any part 
of the field of science, tests, questions having to do with the pedagogy of science 
—in fact, anything that appeals to the reader or might appeal to other readers; 
also, anything that will help to make the subjects arrayed under SCIENCE 
more useful or more interesting to teachers and pupils. Select your own topic. 
It will, most likely, be interesting to others. 

We will endeavor to get answers to all reasonable questions. It is always valu- 
able to get questions whether they can be answered or not. 

Contributors to SCIENCE QUESTIONS are accepted into the GQRA 
(Guild of Question Raisers and Answerers). 

Classes and teachers are invited to join with others in this co-operative ven- 
ture in science. 





INTEREST RAISERS IN ELEMENTARY SCIENCE 


Beginning in January 1941, each issue of SCIENCE QUESTIONS has 
featured a set of questions and answers proposed and answered, mostly 
by pupils themselves, in ELEMENTARY SCIENCE. 

Contributors have been— 

Elementary Science Class at Doan School, Cleveland, Miss Anna E. 
Burgess, then Principal Doan School, now Principal, Miles Standish 
School; Miss Mary Bryne and Miss Irene Van Chestein, Teachers, 
Doan School; 

Miss Mildred Einzig and Miss Alice Ladd, Teachers at Miles Standish 
School, and pupils; 

Elementary Science Class, Almira School, Cleveland, Miss Dorothy 
Bliesch, Teacher; 

Science Class, 8A, and Boys’ Science Class, 8th Grade, School No. 54, Mrs. 
Hellen Aufderheide, Teacher; and Bill Brendon, Pupil; 
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Miss Patricia Jean Porter, 7th Grade, Madison, Wis.; 

Miss Mary Melrose, Supervisor of Elementary Science, Board of Educa- 
tion, Cleveland, Ohio; 

Science Class, 6A, Warner School, Cleveland, Miss Clara Headapohl, 

Teacher; (now at Empire School, Cleveland); 

Science Class, 6A, Rosedale School Cleveland, Miss Grace Curry, Teacher; 
Individual students in the above classes, several elected to the GQRA; 
Dr. David W. Russell, National College of Education, Evanston, Ill., and 

Editor for Bobbs-Merrill, Indianapolis, Ind., also a Departmental 

Editor of ScHooL SCIENCE AND MATHEMATICS; 

Mr. Virgil Stinebaugh, Assistant Superintendent, Board of Education, 

Indianapolis, Ind. 

Others also have co-operated whose names, along with the most of the 
above, have appeared as members, old and new, of the GQRA (Guild of 
Question Raisers and Answerers). 

Thanks to all!!! 

However, the more pupils and teachers who take part in this seeking of 
proper questions and answers that can be expected from pupils, the better 
Science Teaching will become. 

Readers of ScHoot SCIENCE AND MATHEMATICS please take notice and 
govern yourselves accordingly. Your contributions will always be grate- 
fully received. (Ep. Jones.) 


W anted— Answers 


Answers are desired, particularly by classes, to INTEREST RAISERS, 
Nos. 31-40, proposed by classes of Mrs. Hellen Aufderheide, Indianapolis, 
Ind., and Miss Clara Headapohl, Empire School, Cleveland, Ohio. (Pub- 
lished in ScHooL SCIENCE AND MATHEMATICS, June, 1941.) 

Also, to Nos. 41-54, proposed by 6A Class of Miss Grace Curry, Rose- 
dale School, Cleveland, Ohio. (Published in ScHoot ScrIENCE AND MATHE- 
MATICS, October, 1941.) 


ANOTHER FORM OF INTEREST RAISERS 


936. From the News Items sent in by 4th, 5th and 6th Grade Language classes 
about our coming Seed Planting. (Elected to the GQRA, No. 412, Miss 
Mildred Einzig and classes, No. 413, Miss Alice Ladd and classes, with 
co-operation of Miss Edna E. Bryne, GQRA, No. 361.) 


i nnouncing 





PLANTING OF BUCKEYE SEEDS 


Composition by Merton Hogan, Richard Jacobs, Shirley King, and Louise 
Herman, 5A Class, Miles Standish School (Elected to the GORA, No. 414). 


A LIVING MEMORIAL 


On Armistice Day the upper elementary grades of Miles Standish School 
are planting Ohio buckeye seeds as a living Memorial to the World War 
soldiers. Charles Yoder of Brecksville will present buckeyes which were 
collected from his neighborhood. Although Ohio is nicknamed “‘the buckeye 
state,’’ this tree is becoming very scarce. Therefore the children will plant 
buckeyes in a Metropolitan Park and in their yards. In this conservation 
project the pupils hope to preserve our state tree. 
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Composition by Laura Boxerbaum, 6B, Miles Standish School, Cleveland 
(Elected to the GORA, No. 415). 


On November 11, the children of Miles Standish School will give a pro- 
gram in honor of Armistice Day. We will plant some buckeye seeds in our 
yard and some in Gordon Park. The reason for this is that we would like 
to increase the number of trees in Ohio. We alone cannot do much for this 
state of ours but, if everyone else will do his part and show his patriotism 
by planting seeds, perhaps we shall really deserve the name of “The 
Buckeye State.” 





Composition by Aaron Paller, 6B, Miles Standish School (Elected to the 

GORA No. 416). 
ARMISTICE DAY 

The children of Miles Standish School will celebrate Armistice Day, 
November 11, with planting of buckeye seeds which we hope will grow 
into big buckeye trees. Some of the seeds will be planted in the school yard 
and others at Gordon Park. 

The seeds which we hope will grow into large trees will be a living memo- 
rial to the people of Cleveland. 


Composition by Marilyn Schwartz, 6B (Elected to the GORA, No. 417). 


On Armistice Day, November the eleventh, the children of Miles Stand- 
ish School are having a program. We will show our patriotism by planting 
buckeye;seeds. Some of these seeds will be planted in our school yard and 
in Gordon Park. 

In planting these seeds we hope to increase the number of trees here, and 
so perhaps our city will continue to be called the “Forest City.” 





Class Composition, 5B, Miles Standish School (Elected to the GORA, No 

418). 
BUCKEYE TREES FOR ARMISTICE DAY 

Armistice Day is here. In honor of this great day the children of Miles 
Standish School are celebrating in a different way by planting Buckeye 
seeds in memory of themselves. Since Ohio is known as the ‘‘Buckeye 
State,” they are doing their best to have the state live up to its name. 

In 1920 a group of oak trees was planted in commemoration of the sol- 
diers who fought in the World War. This row was named “Liberty Row.” 

Trees were planted in 1920 and are being planted again in 1941 because 
they are beautiful, useful and last a long time as a memorial. 





PROGRAM 


. Presentation and Acceptance of Buckeyes. 

Trees as Memorials. 

Identification of Trees in the Neighborhood. 

Planting of Buckeyes in Schoolyard, Rockefeller Parkway, and Gordon 
Park. 

5. Song: AMERICA THE BEAUTIFUL. 


tm GW doe 
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Memo: A noted educator stated the slogan: LEARN By Dornc. This 
project at Miles Standish School shows how to EpucatE By Dornc. 
Wuat ARE You DOING IN YouR SCHOOL? 


A STUDY OF FALLING BODIES 


937. Submitted by Carolyn Atkins (Elected to the GQRA, No. 411), Room 16, 
Dayton High School, Dayton, Kentueky. 


“We are now studying about falling bodies. We have learned that it is 
not weight that causes one object to fall faster than others. 

“Our teacher showed that by taking two sheets of notebook paper of 
exactly the same size and weight. She crumpled one up and left the other 
exactly as it was. She then let them drop from the same place at the same 
time. The crumpled one reached the floor first and she explained that this 
was because the straight one had more surface for the air to push on (air 
resistance) than the crumpled one. We then experimented by dropping a 
loose-leaf notebook which had a little more surface to it than the piece of 
paper of notebook size which we let fall with it. The book landed first. 
Why? 

“Weight is not supposed to make one fall faster than the other, yet what 
else could it be? 

‘A third thing we did was to blow a balloon up until it was the exact 
size of a hollow rubber ball. When they were the same size, we let them 
fall. The ball landed first. Why? 

“Could you please answer these questions for us? 

“Thank you!” 

Will some class, or teacher, or pupil give Carolyn and her class at Dayton 
a good answer? 

(For satisfactory answers you will be elected to The Guild of Question Rais- 
ers and Answerers. 418 are already members.) 


Some questions suggested by the above— 

(1) Whe first suspected that the air had weight? 

(2) Who was the first great experimental scientist (if such)? 

(3) What was the ‘‘dictum of Aristotle’ concerning falling bodies? 

(4) What is meant by a “‘stream-lined”’ locomotive? 

(5) Does air along the wings, or other parts, of an air-plane ever show a 
velocity greater than that of sound? 

(6) How does “stream-lining” an airplane increase its speed? 


ty 
i 


You propose some more questions! 


SCIENTIFIC DATA ON A FALLING BODY 


938. Suggested by a picture in the Art Gravure Section of the “Cleveland 
Plain Dealer” of October 5, 1941. 


Arthur H. Starnes, veteran pilot and parachute jumper, is scheduled to 
serve as a human “guinea pig” for one of the most scientifically-planned 
jumps in the history of aviation. Starnes will jump from 35,000 feet, the 
sub-stratospheric altitude at which the latest type of combat planes per- 
form. He plans to plummet earthward for 33,000 feet before opening his 
parachutes. His weight is 193 lb. and his equipment weighs 113 lb. 
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QUESTIONS 


(1)—As a freely falling body, how fast should he be traveling after falling 
33,000 feet? 

(2)—Will he be traveling that fast actually and why not? 

(3)—Find out, if possible, how fast he might be traveling at that time. 

(4)—What scientific data might he collect? 

(5)—What instruments will he carry? 

(6)—Why will he have to use two parachutes? 

(7)—How and why does a parachute help him to a safe landing? 

Propose other questions about this drop. 





A GENERAL SCIENCE ‘‘BEFORE CHRISTMAS” 
REVIEW TEST 


940. Proposed by Vernon C. Lingren, Proviso Township High School, May- 
wood, Illinois (Elected to the GORA, No. 410). 


In many high schools operating on the semester system the first semester 
examinations are given soon after the pupils return from their Christmas 
vacation in January. In an attempt to focus some attention on this event 
in early December the writer announces a “‘Review Test” to be given a day 
or two before the beginning of the Christmas recess. He has found that 
motivating individual review work for the semester examination in this 
manner serves three purposes which he considers desirable. The members 
of the class are rewarded somewhat in proportion to the effort expended 
by finding their preparation for the semester examination in January made 
easier. Subject matter originally studied in September, having been re- 
viewed in December, is in a more functional form for the January examina- 
tion. Furthermore, the typical restlessness preceding the vacation period is 
made less “painful” for both the pupils and faculty if some time is used in 
preparation for the review test. Finally, the nature of the review test is 
such that the pupils really find it a pleasant and interesting way to spend 
the last class hour before school is dismissed for the holidays. 

The test is set up in a form which I first discovered in Science by Observa- 
tion and Experiment, a textbook by Hanor A. Webb and Robert O. Beau- 
champ, and published by D. Appleton-Century Company, Incorporated, in 
1935. The items included in the sample test below are merely suggestive 
of the type of material which might be used. When the pupils start the 
test they are told to work it out as a puzzle. They are warned that the na- 
ture of the puzzle is such that they may find it difficult to control their emo- 
tions at times. They are therefore asked to work as quietly as possible so as 
not to disturb others in the class. Those who finish early often attempt to 
catch the teacher’s attention with an understanding exchange of glances 
and then settle back in their seats to enjoy watching the other ‘“‘puzzled”’ 
students at work. Some students spend the remainder of the period work- 
ing out a similar puzzle for the instructor. The idea has been used in my 
classes for the last six years at Proviso Township High School in Maywood, 
Illinois, and the pupils always gave evidence of enjoying the work on the 
puzzle.” 





REVIEW TEST 
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Fill in the blanks above with letters of the alphabet as explained in each 
sentence below. 

1. If vinegar and lemon juice contain acids, place the eighteenth letter 

of the alphabet in the fourth space; if only lemon juice contains an 

acid, place the second letter in the same space. 

. If aluminum is used in industry where light weight is required, place 
the ninth letter of the alphabet in the ninth space; if it is used for 
kitchen utensils only, use the tenth letter there. 

3. If ordinary ammonia is a solution of a solid in water, write the sixth 
letter in the twelfth space; if it is a solution of a gas in water, write in 
the thirteenth letter in the same space. 

4. If an atom is very large, place the seventeenth letter in the second 

space; if it is very small, place the fifth letter there. 

. If the boiling point of water under ordinary pressure is 212 degrees 
Fahrenheit, place the third letter in the sixth space; if it is 100 degrees 
Fahrenheit, place the first letter there. 

6. If sugars and starches are familiar proteins, place the twelfth letter in 
the eleventh space; if they are familiar carbohydrates, place the twen- 
tieth letter in the same space. 

. If carbon monoxide is a poison gas, place the nineteenth letter in the 
fourteenth space; if it is found in carbonated water, write the fourth 
letter in the same space. 

8. If hard water contains dissolved minerals, put the twenty-fifth 
letter in the fifth space; if it does not contain dissolved minerals, put 
the twenty-third letter there. 

9. If hydrogen is heavier than helium, use the sixteenth letter in the 
thirteenth space; if hydrogen is the lightest gas known, write the first 
letter of the alphabet in the thirteenth space. 

10. If a microscope is used for looking at stars, place the seventh letter of 
the alphabet in the tenth space; if it is an instrument to make very 
small objects visible, use the nineteenth letter. 

11. If a phenomenon is a disease of the lungs, place the fifteenth letter in 
the first space; if it is a happening or event, place the thirteenth letter 
there. 

12. If radio waves are produced by electricity, place the eighteenth letter 
in the eighth space; if they are produced by radiometers, place the 
twenty-first letter there. 

13. If table salt is a compound of sodium and chlorine, write the eighth 
letter in the seventh space; if it is a compound of something else, write 
the eleventh letter there. 

14. Choose a letter of the alphabet to complete the two words properly. 


i) 


wn 
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THE GUILD OF QUESTION RAISERS AND ANSWERERS 


The GQRA’s first list of members was published in January, 1934, and 
included the ten new contributors from October, 1933, to January, 1934. 
Up to January 1940, the number of new contributors had grown to 314, 
and including December, 1940, to 353. 

In 1941, up to the date of writing (November 7, 1941) the total number 
of new contributors is 418, the last number being assigned to a 5B Class at 
Miles Standish School, Cleveland, for the School’s proposed celebration 
of BUCKEYE DAY on Armistice Day, November 11, 1941. 

In this period of three months more than seven years (66 issues), the 
average number of new contributors has been six and one-third per issue. 





BOOKS AND PAMPHLETS RECEIVED 


ELeMENts OF AERONAUTICS, by Francis Pope, Captain (First Pilot) 
with Transcontinental and Western Air, Inc., First Lieutenant United States 
Army Air Corps Reserve, and Arthur S. Otis, Private Pilot, Fellow of the 


American Association for the Advancement of Science, Technical Member of 


the Institute of the Aeronautical Sciences. Cloth. Pages x +660. 13.5 20.5 
cm. 1941. World Book Company, Yonkers-on-Hudson, N. Y. Price $3.40. 


MATHEMATICS—ITs Macic AND Mastery, by Aaron Bakst. Cloth. 
Pages xiv+790. 1421.5 cm. 1941. D. Van Nostrand Company, Inc., 
250 Fourth Avenue, New York, N. Y. 


OUTLINES OF HistoRIcAL GEOLOGY, by Charles Schuchert, Professor 
Emeritus of Paleontology in Yale University and Carl O. Dunbar, Professor 
of Paleontology and Stratigraphy in Yale University. Fourth Edition. Cloth. 
Pages ix+291. 15X23 cm. 1941. John Wiley and Sons, Inc., 440 Fourth 
Avenue, New York, N. Y. Price $2.50. 


OUTLINES OF GEOLOGY, by Chester R. Longwell, Henry Barnard Davis 
Professor of Geology; Adolp Knopf, Sterling Professor of Physical Geology, 
and Richard F. Flint, Associate Professor of Geology all at Yale University. 
Second Edition. Cloth. Pages ix +291. 15.5 23 cm. 1941. John Wiley and 
Sons, Inc., 440 Fourth Avenue, New York, N. Y. Price $4.00. 


THE TEACHING OF SECONDARY MATHEMATICS, by Charles H. Butler, 
Depariment of Mathematics, Western Michigan College of Education, and 
F. Lynwood Wren, Julia A. Sears Professor of Mathematics, George Peabody 
College for Teachers. Cloth. Pages xii+514. 15 X23 cm. 1941. McGraw-Hill 
Book Company, Inc., 330 West 42nd Street, New York, N. Y. Price $3.00. 


THE MIcCROBE’s CHALLENGE, by Frederick Eberson, Director of Labora- 
tories; Pathologist Gallinger Hospital, Washington, D. C. Cloth. Pages 
viii+354. The Jaques Cattell Press, Lancaster, Pa. Price $3.50. 


ABOUT OURSELVES, by James G. Needham. Cloth. Pages xi+276. 
17.5 X25.5 cm. 1941. The Jaques Cattell Press, Lancaster, Pa. Price $3.00. 


GA.Lots Lectures, Addresses Delivered by Jesse Douglas, Philip Frank- 
lin, Cassius Jackson Keyser, and Leopold Infeld at the Galois Institute of 
Mathematics, Long Island University, Brooklyn, New York. Cloth. 124 
pages. 12.519 cm. Scripta Mathematica, Yeshiva College, New York, 
N. Y. Price $1.25. 


WoRKING WITH THE Microscope, by Julian D. Corrington, Professor 
of Biology, Washington College, Chestertown, Maryland; Editor, Microscope 
Department, “Nature Magazine”; Permanent Secretary, American Society of 
Amateur Microscopists; Author of ‘Adventures with the Microscope.” Cloth. 
Pages xi+418. 1523 cm. 1941. McGraw-Hill Book Company, Inc., 330 
West 42nd Street, New York, N. Y. Price $3.50. 


ScHOOL USES OF THE CENTRAL PROGRAM-DISTRIBUTION SYSTEM, by 
R. R. Lowdermilk. Educational Research Bulletin, Section 2, May 14, 
1941. 60 pages. 1523 cm. Bureau of Educational Research, College of 
Education, Room 201, Ohio State University, Columbus, Ohio. 


EDUCATIONAL RESEARCH STUDIES OF NATIONAL SCOPE OR SIGNIFICANCE’ 
by David Segel, Educational Consultant, U. S. Office of Education. Volume 
I, Chapter X. Paper. Pages iii+35. 15 23.5 cm. 1941. Superintendent of 
Documents, Washington, D. C. Price 10 cents. 
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ApAMS CENTRIFUGES. Catalog No. 111. July, 1941. 13 pages. 21.5 x28 
cm. Clay-Adams Company, Inc., New York, N. Y. 


BOOK REVIEWS 


Basic GEOMETRY, by George David Birkoff, Professor of Mathematics in 
Harvard University, and Ralph Beatly, Associate Professor of Education, 
in Harvard University. Cloth. 294 pages. 14.5 X22.5 cm. Scott, Foresman 
and Company, 623 South Wabash Avenue, Chicago, Illinois. 


The authors of Basic Geometry, one an internationally known mathe- 
matician and the other an authority on the teaching of mathematics, have 
produced a secondary text which will attract the attention of both teachers 
of secondary and college mathematics. The treatment is novel and thought 
provoking. 

The first chapter is headed: Reasoning. The Nature of Proof. The chap- 
ter opens with statements of two disputes, one arising out of a baseball 
game between the Mohawks and the Wildcats; the other, between two 
sisters as to which should wash the dishes. The student is asked to consider 
these disputes just as if he had been chosen to decide them. 

The authors point out that in arguments involving intricate personal 
relations, such as found in these disputes, it does not usually happen that 
one side is wholly right and the other wholly wrong. To settle such argu- 
ments it is necessary to distinguish between good and bad reasoning; and, 
not only to appreciate the logical connections of the various parts of a 
single restricted topic, but also to have some practice in analyzing the 
logical structure of an extended argument. 

What the young high school student needs is a series of abstract imper- 
sonal situations in which one side is wholly right and the other wholly 
wrong. Such situations are found in elementary geometry. The authors 
then proceed to discuss definitions, undefined terms, assumptions, the na- 
ture of geometric proof, converse propositions, faulty reasoning, and 
geometry as an ideal logical system. 

In the second chapter we find a discussion of the five fundamental prin- 
ciples, or assumptions, upon which the logical structure is based. These 
assumptions are the following: 

1. The points on any stright line can be numbered so that number 
differences measure distances. 

2. There is one and only one straight line through two points. 

3. All half-lines having the same end-point can be numbered so that 
number differences measure angles. 

4. All straight angles have the same measure. 

5. Two triangles are similar if an angle of one equals an angle of the 
other and the sides including these angles are proportional. 

Thus, by the introduction of Assumptions 1 and 2 the treatment is 
placed on an arithmetic basis. 

In Chapter 3 seven basic theorems are proven directly from the five 
assumptions. They concern the remaining two cases of similar triangles, 
the equality of the angles of an isosceles triangle and the converse, the 
angle sum of a triangle, equidistant points from the ends of a line segment, 
one perpendicular from a point to a line, and the Pythagorean theorem. 

Chapter 4 deals with parallel lines and networks. Theorem 13, which be- 
longs to this chapter, states that through a given point not on a given line 
there is one and only one line which does not meet the given line. The proof 
of this theorem depends on Assumption 5. 
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Chapter 5 is devoted to the circle and regular polygons. 

In Chapter 6 we find the usual constructions with the straight edge and 
compasses. 

In Chapter 7 we find a treatment of the concept of area based on two 
points of view. In the first treatment two assumptions are made: 

1. Every polygon has a number called its area, such that (a) equal 
polygons have equal areas, and (b) the area of a polygon is equal to the 
sum of the areas of its constituent polygons. 

2. The area of a rectangle is equal to the product of its length times its 
width. This is true even when one, or both, of the dimensions is an irra- 
tional number. 

The second treatment is based on the fact that in every triangle ag = bh 
=ck, where g, h, and k are the altitudes upon the sides a, b, and c. This 
treatment does not require the introduction of new assumptions. 

In Chapter 8 we find the concept of continuous variation developed as 
related to a point on a line and in a plane, and also, to an angle. 

Chapter 9 is concerned with loci. Seven standard theorems on loci are 
stated and proven. 

The book ends with Chapter 10 in which non-geometrical problems are 
set up. The student is not expected to arrive at a correct answer to any 
problem but to come to some conclusion and then attempt to record the 
assumptions made and the course of reasoning followed in arriving at the 
decision. 

It is noteworthy that the total number of theorem is 26. Seven of these 
are called basic because of their simplicity. They may be taken as assump- 
tions by students on a first reading with the understanding that they are 
to be proven later in the course. 

Throughout the book we find numerous exercises which are thought pro- 
voking and designed to drive home the principles set forth in the exposition. 

This book is decidedly not “just another geometry.” It is a book which 
should receive a careful examination by every teacher of secondary and 
collegiate mathematics. 

J. M. KInnEy 


COLLEGE Puysics, by Henry A. Perkins, Professor of Physics, Trinity 
College. Abridged. Cloth. Pages ix+591. 1523 cm. 1941. Prentice- 
Hall, Inc., 70 Fifth Avenue, New York, N. Y. Price $3.50. 


This text is the author’s way of meeting the demand for a textbook suit- 
able for classes of students not majoring in physical science. He has at- 
tempted to reduce the size of his excellent College Physics by about 25% 
but still retain all that is “basic physics” without modification of the aim 
of the original text; viz., ‘an honest effort to help students understand 
what would be obscure without detailed explanation.” The first evidence 
of emphasis on basic elementary physics and elimination of topics not so 
important for an understanding of fundamental principles is the change in 
Frontispiece from an illustration of color effects due to polarized light to 
a page of typical spectra. A comparison of chapter headings in the Table 
of Contents shows few important changes in either order or content except 
a reduction in the length of each chapter. In the revised text the chapter 
headed “Fraunhofer Diffraction” does not appear; two chapters of 36 
pages on “‘Electrostatics’”’ now appear as one chapter ot 21 pages; the two 
chapters, “Batteries” and “Thermoelectricity” now form one chapter, 
“Batteries and Thermocouples.” 

Examination of the chapters on “Statics” in the two texts shows the 
discussion identical in the main. A reduction from 16 pages to 12 pages has 
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been accomplished largely by elimination of discussions of illustrative prob- 
lems. Five concurrent force problems are discussed in the 1938 edition, 
only three in the abridged text; two on parallel forces in the older text, 
one in the new; two on center of gravity in the old, one in the new. In the 
original book a wall bracket problem was completely discussed, in the new 
explanation of the solution is omitted, but in both books problems 5, 6, 7, 
and 8 in the list of problems for solution at the end of the chapter are varia- 
tions of this problem. For other problems in this list more help is given in 
the old text than in the new. Here the reviewer believes that abridgment 
has not resulted in simplification nor contributed to easy mastery of basic 
principles of mechanics. 

In the modification of the chapters on diffraction real progress toward 
simplification has been made. Fraunhofer diffraction has not been elimi- 
nated as the Contents page seemed to indicate but the single chapter on 
diffraction contains a discussion of both types of diffraction, the abridg- 
ment being accomplished by elimination of material not essential for an 
understanding of common diffraction phenomena. In both texts the author 
has given an unusually good treatment of the subject of Light by stressing 
physical optics and giving only the essentials of geometrical optics. Some 
of the drawings are too complicated for easy comprehension. 

In many other sections the revision reaches its goal but in some topics 
further simplification is desirable; e.g. dimensional equations are retained 
in the abridged text. The reviewer believes such equations confuse non- 
technical students. 

One more thought is relevant. The original text is priced at $3.75, the 
abridged at $3.50, one-fifteenth price reduction compared to about one- 
fourth reduction in commodity. This may, however, merely reflect the 
increase in prices generally. 

Although this review gives some adverse criticism the reviewer hopes it 
will not be interpreted as an unfavorable opinion of the Perkins texts. 
The original edition has had remarkable success. The author has unusual 
ability in making physics understandable to beginners in physics. He places 
emphasis on comprehension of principles rather than on mere ability to 
answer questions and solve numerical problems. The abridged text retains 
these excellent features and in addition supplies the student such useful 
tools as tables of constants, tables of logarithms and trigonometric func- 
tions. But in the promotion of more suitable texts for the nonscience majors 
who need a shortened course the reviewer believes that such courses will 
have to be satisfied not alone by elimination of interesting advanced topics 
but with even less than what is usually considered to be minimum essen- 
tials, and these relatively few basic principles should be presented again 
and again in various forms and settings. 


G.W.W. 


SENIOR PRacTicAL MATHEMATICS, by N. J. Lennes. Cloth. Pages xiii +584, 
13x20 cm. 1941. The Macmillan Company, 60 Fifth Avenue, New 
York, N. Y. Price $1.80. 

This book is designed for use in the upper years of our secondary schools. 
It is based on no mathematical prerequisites except the arithmetic studied 
in the grade schools, and it is not intended as a prerequisite for any other 
course. Its general purpose is to deal with quantitative phases of personal 
and civic life such as retail selling, family budgets, consumer credit, mar- 
keting farm products, investments, insurance, taxes and income. To these 
and other similar problems is added a study of indirect measurement. 
Briefly, this matter is the same as the social mathematics now frequently 
taught in the ninth grade, but the material is presented more thoroughly 
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since it is intended for pupils with greater maturity. The 544 pages present 
such an abundance of material that teachers can easily select material suit- 
able for any group. Considering also that the text contains many questions 
that the class could discuss for many weeks, there is enough material fora 
year’s work. 

The Joint Commission in chapter 6 of its Report on the Place of Mathe- 
matics in Secondary Schools recommended for the twelfth grade a course 
which it called Social-Economic Mathematics. Its outline suggested some 
topics not found in the text by Lennes, such as the simpler notions of sta- 
tistical methods, logarithms, and index numbers. The Commission also 
assumed that the pupil would have studied the general mathematics of the 
ninth grade as a prerequisite. And I believe that the Commission thought 
that the computational aspects might, for once, be less important than the 
informatory or cultural aspects. The pupils for whom this course was in- 
tended are not likely to do much computing, not even of the interest rate 
on a credit purchase, but they do need some information about why the 
rate is high. Perhaps Lennes had some such feelings since he included a 
chapter on Indirect Measurement. Few pupils will need to make such a 
measurement, but all will be interested in learning how it is done. 

Whether or not a pupil expects to attend college, and whether or not he 
studied general mathematics or algebra or geometry or some or all of 
these in high school, every senior could profitably study the material in 
this text, and every school should offer such a course. 

JosEPH A. NYBERG 
Hyde Park High School, Chicago 


FUNDAMENTALS OF SEMI-MICRO QUALITATIVE ANALYsis, by Erwin B. 
Kelsey and Harold G. Dietrich, Assistant Professors in Chemistry, Yale 
University. Cloth. Pages x +350. 13 figs. 1421} cm. 1940. The Mac- 
millan Co., Inc., 60 Fifth Avenue, New York, N. Y. Price $2.75. 


The purpose of the book is to provide “better means of teaching the 
fundamentals of analyses—not to replace all other techniques.” The first 
part of the book develops the theoretical background for analytical work 
in a very clear, precise and sufficiently complete manner to enable a student 
who has studied only a semester of General Chemistry to comprehend the 
principles involved. 

Topics covered are—the present view of the structure of matter, the 
properties of solutions, complex ions, acids, bases and salts, equilibrium 
and equilibria involving the ions of water and the principles of oxidation 
and reduction. A few subtopics are pH, indicators, neutralization, colloids 
and buffer solutions. Accurate definitions, use of symbols or graphic de- 
scriptions and actual computations tend to clarify these explanations of 
the theoretical material. Accounts of the modern theory of ionization and 
hydrated ions such as Al(H,O).++* are presented but for the most part the 
equations are written in the older form of the Arrhenius theory. At the end 
of each chapter is an excellent list of questions and problems which serve 
as a review and emphasize all the important points. Some problems have 
answers attached. Suggested collateral reading has been selected from ad- 
vanced texts or contemporary journal articles which should further stimu- 
late the student. 

The second part of the volume contains an account of the analytical 
procedure in the laboratory. General directions are carefully described 
since the technique is new to many instructors as well as to the student. 
The authors do not include “preliminary experiments” which seem to 
them to be a “waste of time.” There is a section of characteristic reactions 
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for each cation. A “practice solution” analysis follows which is that to be 
pursued in the identification of the unknowns. Quite a number of the new 
organic reagents for cations are listed but they are not as yet classed as 
absolutely reliable. The authors base their directions on experience which 
has convinced them that it is advantageous to use samples of the order of 
0.3 ml. which contain on the average of 1 mg. of the individual ions. The 
anion analysis is classified into three classes—silver, barium and the solu- 
ble group. The final chapters give directions for the analysis of solids, mix- 
tures of solids and alloys. Notes accompany each chapter which emphasize 
points of difficulty. Exercises give adequate drill in the systematic separa- 
tion which is practically the usual standard macro method. 

The appendix includes remarks upon the significance and use of ex- 
ponents, methods for making reagents and test solutions, a list of appara- 
tus, composition for practice solutions, solubility product tables, solubility 
charts and logarithms. Perhaps the relation of the theory and practice of 
analytical chemistry could be made more pronounced in some places in 
the second part of the book. However, it is a text written in such lucid and 
simple style that it should be very satisfactory to teacher and student 
alike. 

VIRGINIA BARTOW 
University of Illinois 


INTERMEDIATE CHEMICAL CALCULATIONS, by J. R. Partington, M.B.E., 
D.Sc., Professor of Chemistry and Kathleen Stratton, M.Sc., Lecturer in 
Chemistry, University of London, Queen Mary College. Cloth. Pages 
x+239. 2 figs. 1320 cm. 1939. Macmillan and Co., London. Price 
$1.65. 


This book is designed to supplement the numerical examples presented 
in chemical text books which are usually inadequate in number to give 
sufficient practice in computation as a means to become more fully ac- 
quainted with the chemical principles which the problems illustrate. A 
concise introductory explanation of each mathematica! concept is followed 
by several actual type problems with their solution itully described. A 
variety of typical mathematical questions to be solved by the student using 
these methods offers the opportunity to test his understanding of the laws 
and theories involved. In the back of the book, the answers are given which 
used rightly can greatly assist the observant scholar in his mastery of the 
subject. The more difficult exercises are starred. 

The twelve chapters include many subjects which are beyond the scope 
of the elementary course in chemistry. Some of the items treated are vapor 
density and molecular weights of gases; volumetric composition of gases 
and gas analysis, equivalent and atomic weights; gravimetric analysis; 
volumetric analysis, organic analysis, molecular weights in solution; ther- 
mochemistry; Law of Mass Action and chemical equilibrium; electrolysis 
and electrolytic dissociation; equilibrium in solution of electrolytes with 
attendant subtopics such as indicators, transport numbers and solubility 
product. The appendix includes gas density values, a water vapor pressure 
table, atomic weights, logarithms and anti-logarithms and directions for 
drawing a nomogram for the reduction of gas volumes. 

The book should be a valuable addition to courses in advanced inor- 
ganic chemistry, analytical chemistry, organic chemistry and elementary 
physical chemistry. The instructor will have at his disposal an excellent 
selection of stimulating problems and the student through the process of 
solving them will be given greater confidence in the field. 

VIRGINIA BARTOW 
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THE ELEMENTS OF Statistics, by Elmer B. Mode, Professor of Mathe- 
matics, Boston University. Cloth. Pages xvi+378. Prentice-Hall Mathe- 
matical Tables. Paper. 15 pages in pocket in back of book. 16 «23.5 cm. 
1941. Prentice-Hall, Inc., 70 5th Avenue, New York, N. Y. Price $3.50. 


The basic idea behind the book is excellent. There is a very definite 
need for a book with applications to diverse fields, yet which does not re- 
quire extensive mathematics training. It is a decided question as to whether 
this text fills the need. In the statement of the author, the book presup- 
poses no mathematics beyond the usual secondary school geometry and 
algebra. Certainly in the Middle West many portions of the text will be 
found too difficult for a large group of students coming from many high 
schools. Notations such as are found on pages 77, 99, 196-197, while not of 
particular difficulty, are very discouraging to the beginner. 

Some teachers would take exception to the following statements: page 
175, ““The mean deviation is not an important measure’; page 184, ‘“There 
is no temperature intrinsically zero”; page 17, the use of the word 
“roughly” in the seventh line. 

The mathematician may grant that little mathematical training is 
needed. He will find it difficult to convince his colleagues in such fields as 
economics, sociology, biology, or education that the text does not demand 
extensive mathematical preparation. 

CeciL B. READ 
University of Wichita 


ELEMENTARY FUNCTIONS AND APPLICATIONS, revised, by Arthur Sullivan 
Gale and Charles William Watkeys, Professors of Mathematics, Univer- 
sity of Rochester. Cloth. Pages xxi+409. 14.5 X22 cm. 1941. Henry Holt 
and Company, New York, N. Y. Price $2.25. 


There are relatively few changes from the first edition of this text. Of 
timely interest is the section on spherical triangles with application to 
navigation. The material contained is more than ample for a year’s course 
in mathematics for college freshmen. Methods of the calculus, which are 
used rather frequently, provide a definite unifying feature. There is a large 
number of problems, the answers are not furnished with the text. The treat- 
ment is in general sufficiently rigorous for the level of students for whom 
the text is planned. One might quote, for example, the careful treatment 
of any operation involving division by zero or the following definition: 
“Trigonometric identities are equalities which are true for all values of the 
variable for which the functions are defined.” On the other hand, in a few 
places one might object to the lack of completeness. For example: in the 
discussion on the properties of a straight line the lines parallel to the 
y-axis are not sufficiently treated as exceptional cases; the definition of the 
fractional exponent m/r might cause difficulty if m is even and the base is 
negative; some might object to the failure to use the + sign for certain 
functions of quadrantal angles. The first section of the book states that 
complex numbers will not be considered in the course. Yet in many places, 
one finds a discussion which requires knowledge of imaginary numbers. 

The text seems to be a very teachable test. The difficulty of the ma- 
terial seems to increase as one progresses through the book. 

CeciL B. READ 
University of Wichita 


ARITHMETIC IN GENERAL EpucarIon. Final Report of the National Coun- 
cil Committee on Arithmetic, sponsored by the National Council of 
Teachers of Mathematics. Sixteenth Yearbook. 1941. Cloth. Pages 
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xiii+335. 14.523 cm. Bureau of Publications, Teachers College, 
Columbia University, New York, N. Y. Price $1.25. 


The objectives of the arithmetic curriculum have undergone many 
changes since the days when arithmetic was introduced into American 
schools because of its “practical values in business.”” Many of these changes 
have come about as the result of studies made from time to time by a great 
number of investigators. What is the present viewpoint toward the teach- 
ing of arithmetic and how may we continue to improve the curriculum? 
Fifteen outstanding educators have given us their answers to these ques- 
tions in this Report. The reasons which prompted the study are ably set 
forth by the chairman of the Committee, R. L. Morton of Ohio University, 
who states in an introductory chapter that the Report is written with the 
desire of reaching a position upon which the teaching profession may agree 
and which may serve as a basis for a unified effort to improve the arith- 
metic program. Each of the separate chapters was submitted to every one 
of the Committee members and then revised and rewritten by its author 
in the light of the criticisms received. However since each author reserved 
the right to accept or reject the suggestions given by the others, each chap- 
ter represents primarily the point of view of its writer, although it is in a 
sense the joint product of several persons. 

The papers presented are: 1. The Function of Subject Matter in Relation 
to Personality—Guy T. Buswell, University of Chicago; 2. Curriculum 
Problems and Grade Placement—Ben A. Sueltz, State Normal School, 
Cortlant, N. Y.; 3. Arithmetic in the Early Grades from the Point of 
View of Interrelationships in the Number System—C. L. Thiele, Board of 
Education, Detroit, Mich.; 4. A Theory of Instruction for the Middle 
Grades—Harry G. Wheat, West Virginia University; 5. Arithmetic in the 
Senior High School—Harry E. Benz, Ohio University; 6. The Social 
Phase of Arithmetic Instruction—Leo J. Brueckner, University of Minne- 
sota; 7. The Enrichment of the Arithmetic Course: Utilizing Supple- 
mentary Materials and Devices—Irene Sauble, Detroit Public Schools; 
8. What Becomes of DrillP—B. R. Buckingham, Ginn and Company, 
Boston; 9. The Evaluation of Learning in Arithmetic—William A. 
Brownell, Duke University; 10. Recent Trends in Learning Theory: Their 
Application to the Psychology of Arithmetic—T. R. McConnell, Univer- 
sity of Minnesota; 11. Questions for the Teacher of Arithmetic—F. Lyn- 
wood Wren, George Peabody College for Teachers; 12. The Interpretation 
of Research—William A. Brownell and Foster E. Grossnickle; 13. One 
Hundred Selected Research Studies—Lorena B. Stretch, Baylor Univer- 
sity; 14. One Hundred Selected References—E. A. Bond, Western Washing- 
ton College of Education. 

The central theme of the Report is meaningful arithmetic. The signifi- 
cant difference between the program of arithmetic which finds support in 
this Yearbook and that of a decade ago is that arithmetic today should be 
meaningful rather than mechanical. Besides presenting the present-day 
attitude toward questions confronting the teacher of arithmetic, many con- 
crete devices and techniques are given by means of which arithmetical 
concepts may be made both mathematically and socially meaningful to 
the learners on various grade levels. 

It is interesting and thought-provoking to compare and contrast the dif- 
ferent viewpoints expressed by some of the writers. For example, Dr. 
Thiele writes (p. 55) “It is conceivable that some time in the future children 
will be allowed two or three years rather than a semester or two for the 
mastery of number combinations,” while Dr. Buckingham (p. 213) writes 
the philosophy of 100% accuracy in the ‘fundamentals’ of arithmetic...isa 
philosophy which would keep the school grinding away at petty tasks 








904 SCHOOL SCIENCE AND MATHEMATICS 


without coming to grips with things of greater importance. And it is a 
philosophy which is passing and deserves to pass.” 
This Report will repay careful study and constitutes a book which no 
teacher of arithmetic can afford to miss reading. 
GLENN HEWITT 
Von Steuben H.S., Chicago, II. 


BRIEF TRIGONOMETRY, by Edward A. Cameron, University of North Caro- 
lina. Cloth. Pages x +122. 1941. Reynal and Hitchcock, New York. 
Price $1.25. 


The author presents a text in which he has attempted to eliminate all 
unnecessary and extraneous material and to retain all topics essential to a 
course in plane trigonometry. He states that the book can be covered com- 
pletely in about thirty assignments. The content is divided into three chap- 
ters and includes the usual topics through identities, equations, logarithms, 
and solving the general triangle. Four place tables are included in book. 
The author thinks that these adequately illustrate all necessary principles 
and that their use facilitates speed and saves time. 

Examination of the text indicates that the author has chosen wisely the 
minimum essentials of a course in trigonometry The book is not merely an 
outline of the course. New topics are developed fully in concise but read- 
able language, and the exercise material seems entirely adequate and ap- 
propriate. The author chooses to define the six trigonometric functions for 
the general angle in the opening pages of the book. This approach will 
please some teachers and displease others. However, the book deserves the 
attention of any teacher seeking a text for a brief course in trigonometry. 

G. E. HAWKINS 
Lyons Township High School 
and Junior College, La Grange, Illinois 


BRIEF TRIGONOMETRY, A TEXT IN TWENTY ASSIGNMENTS, by Arthur R. 
Crathorne and Gerald E. Moore, University of Illinois. Cloth. Pages 
vi+121. 1941. Henry Holt & Company, New York. Price $1.20. 


The authors offer a brief course giving the essentials of plane trigonom- 
etry and logarithms in seventy-six pages of text material and divided into 
twenty assignments rather than into conventional chapters. The text omits 
complex numbers and hyperbolic functions and discusses only briefly 
inverse trigonometric functions and trigonometric equations. It defines the 
trigonometric functions of an acute angle in assignment two, and later in 
assignment six, extends these definitions to cover the general angle. 

Explanation of new topics is brief and concise. The exercise material 
seems adequate to meet the needs of most students. Several pages of sup- 
plementary exercises and problems follow the main body of the text, one 
miscellaneous list and the others grouped under the separate assignments. 
Answers to odd-numbered exercises and four place tables are provided. 
Illustrations are good, and the cover is attractive. The book merits the 
attention of teachers interested in such a text. 

G. E. HAWKINS 


PRACTICAL MATHEMATICS, by Claude Irwin Palmer, Lale professor of 
Mathematics and Dean of Students, Armour Institute of Technology, 
and Samuel Fletcher Bibb, Associate Professor of Mathematics, 
Illinois Institute of Technology, Armour College of Engineering. Fourth 
Edition. Cloth. Four Volumes: Part I, Arithmetic, Pages xii+186, Part 
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II, Algebra, Pages xiii+256, Part III, Geometry, Pages xii+206, Part 
IV, Trigonometry and Logarithms, Pages xii+209, 5 <7 inches. 1940. 
McGraw-Hill Book Company, Inc., 330 West 42nd Street, New York, 
N. Y. Price $1.25 each. 


These books are written for use in evening, trade, and continuation 
schools. Each volume meets the need of the practical man who desires 
knowledge of some field of elementary mathematics, and thus each book 
is a unit. However, a student may progress from one to another. 

The volume on arithmetic begins with a discussion of the nature of 
mathematics and the language of mathematics. It gives a short historical 
account of decimals, a discussion of approximate computation and meas- 
urement, and a discussion of systems of measures including the metric 
system. It contains the material usually found in arithmetic texts plus 
many practical applications. The various applications are well explained 
and the terms used are well defined. 

The volume on algebra approximates the usual ninth grade text. Many 
numerical problems are given, thus affording a review of arithmetic and 
showing applications of arithmetic and algebra. 

The book on geometry in contrast to the other volumes differs from the 
ordinary high school text. Geometry is presented not as a course in logical 
reasoning but as a study of geometric forms. The authors’ statement re- 
garding the study of geometric forms is as follows: “In the study of 
geometry we are concerned with these forms, in classifying and naming 
them: and in applying the facts of geometry in a definite and systematic 
manner to the practical problems that arise in our work.’’ Theorems are 
stated without proof, but in many cases they are discussed and their 
reasonableness made apparent. Both plane and solid geometry are consid- 
ered with much attention to applications. Various methods of approximat- 
ing areas and volumes are given. The arrangement of the material is 
similar to that in other geometry texts. 

The volume on trigonometry devotes the first 44 pages to logarithms and 
exponents. This is followed by a short historical account of trigonometry. 
Measurement of the general angle, radian measure, and angular velocity 
are considered before the six trigonometric functions are defined. Most of 
the exercises in the text are applied problems rather than drill problems. 
Four place tables are included. 

These four volumes should be valuable to the adult who wishes to re- 
view or extend his knowledge of elementary mathematics. Although they 
are not recommended as high school texts, they have a place in high school 
libraries and class rooms. The various applications of mathematics con- 
tained in them should be of interest to high school students. These books 
are not the usual apprentice school course but are texts on elementary 
mathematics with emphasis on applications. They are written for adults 
and they fill a real need in adult education. Clear printing and excellent 
illustrations add to their value. 

HiILt WARREN 
Lyons Twp. Junior College 
LaGrange, IIl. 


A CoLLeEGE TEXTBOOK OF HYGIENE, by Dean Franklin Smiley, A.B., M.D. 
and Adrian Gordon Gould, Ph.B., M.D., Cornell University. Third 
Edition. Cloth. Pages 1-539. 1421 cm. 1940. The Macmillan Com- 
pany, New York, N. Y. 


The text leads the reader from early history of medicine to the most 
modern preventive medicine of today. The chapters outline the larger 
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functional units of the body in a way that students should grasp the sig- 
nificance of the interaction of parts of the human machine by merely read- 
ing the table of contents. Community life receives a prominent place in the 
health program. Dangers arising from group life are well pointed out, and 
the obligation of the individual towards the health of the group, of which 
he is a vital part, is stressed in such a way that the reader must become 
group conscious while solving his own problems of hygiene. If any one 
chapter is treated more effectively than others, one may give this dis- 
tinction to the chapter on the difficult problem of sex education. The 
style is fluent, interesting, and free of extreme technical phraseology. 

J. E. PorzcEer 

Butler University 

Indianapolis, Indiana 


YoutH Looks at CANCER, by the Westchester Cancer Committee, Bronx- 
ville, N. Y. Cloth. Pages 1-55. 12 x19 cm. 1940. Brookville Press, Inc., 
Brookville, N. Y. 


An excellent short text on the history, nature, and cure of cancer. The 
language is clear and simple, and the whole problem of the disease is pre- 
sented in so sensible a manner that young and old can profit by reading of 
the little book. The cost of single copy is seventy-five cents, but discounts 
are given to schools. I highly recommend the brief treatise to every teacher 
of biology classes. 

J. E. Porzcer 


HYGIENE, by Florence L. Meredith, Professor of Hygiene, Tufts College, 
Boston, Mass. Third Edition. Cloth. Pages xii+822. 16+22.5 cm. 1941. 
The Blakiston Company, 1012 Walnut Street, Philadelphia, Pa. Price 
$3.50. 


This book is a revision of a popular textbook of hygiene designed for the 
use of college students and laymen alike. With the exception of two chap- 
ters the book has been almost entirely rewritten and the material reorgan- 
ized. The theme which runs through the new edition is—What health 
situations exist in the life of individuals and peoples, what health objec- 
tives arise from them, and what action is scientifically appropriate on the 
part of the layman, especially the college student? 

The author has introduced in her book much new material which will 
be found exceedingly valuable to both teachers and students of hygiene. 
Appearing, as it does, in a time of national emergency when great stress is 
being laid on the health of both military and civilian population, it should 
help very materially to bring into clearer focus and wider use the contribu- 
tions of the science of hygiene to human welfare, and at the same time to 
safeguard its readers against false doctrines of health. 

The book is divided into six sections which will give an inkling of its 
contents. They are as follows: Part 1. Introduction which contains a dis- 
cussion of the health situation in the United States; Part 2. The Body 
which includes a discussion of the general plan of the body and the working 
of its parts; Part 3. Types of Bodily Disorders includes a discussion of 
disease, infection, resistance and various types of disorders; Part 4. Ef- 
fective Use of Medical Science in which the facilities and safeguards of 
modern medicine are discussed; Part 5. Health Considerations in which are 
discussed the factors which contribute to health and Part 6. Mental 
Health deals with mental hygiene and the self, sex and social impulses. 

The text is well illustrated throughout, and its organization has been 
much improved. It is to be regretted, however, that the author failed to 











——— ee 











SE 











BOOK REVIEWS 907 


include any discussion of the growth and nature of group medicine in the 
United States in the section dealing with effective use of medical science. 
HILMER C. NELSON 
Wilson Junior College, Chicago 


GEOMETRY FOR Topay, based on A Juntor Geometry, by A. W. Siddons 
and R. T. Hughes, by Alexander J. Cook. University of Alberta. Cloth. 
Pages x +260. 12.523 cm. 1940. The Macmillan Company of Canada 
Limited, at St. Marins’s House. Price $1.00. 


This text is a revision of the English book: A Junior Geometry. It pre- 
supposes a knowledge of the subject but this objection is readily overcome 
by experienced teaching. The first six chapters, meant for review, are essen- 
tially new to the beginner and must be supplemented. 

Many of the propositions, unproved in order to provide stimulation, are 
prefaced by problems containing clues as to method of proof. 

The theory is made facile by liberal use of simple terms. Chapters on 
loci and tangents to a circle, bugbears for most students, are excellently 
handled. 

Following the treatment on similar triangles is a chapter on simple 
trigonometry, a most logical place for this inclusion. 

The end of the book is concerned with solid geometry, thus enabling 
those whose curriculum provides only one year for the subject to become 
acquainted with the geometry of space. 

ARTHUR SVOBODA 
De Paul University 


DISTRIBUTION OF THE REPORT ON MATHEMATICAL 
EDUCATION FOR DEFENSE 





Wi111AM L. Hart 
University of Minnesota, Minneapolis, Minnesota 


The report of the Subcommittee on Education for Service of the War 
Preparedness Committee of the American Mathematical Society and the 
Mathematical Association of America, which was published recently in 
ScHOOL SCIENCE AND MatHematics,* also has been published in the 
American Mathematical Monthly and the Mathematics Teacher. The War 
Preparedness Committee is sending a reprint of this report to the super- 
intendent of schools in each city of over 2,500 population. These reprints 
mention that the report has been published with the cooperation of the 
National Council of Teachers of Mathematics and the Central Association 
of Science and Mathematics Teachers. The publicity already provided 
for the report has placed it in the hands of the specified superintendents 
and all teachers of mathematics who belong to national organizations. In 
addition, it would be desirable for the report to reach the extremely large 
body of teachers of high school mathematics who do not belong to the 
National Council or to the Central Association of Science and Mathe- 
matics Teachers. Hence, reprints of the Report are being offered for sale, 
while the supply lasts, only in units of 25 copies each, at $1.25 per 25 copies, 
delivered to the purchaser. Orders for these copies should be sent, with 
attached money order or check, to Professor W. D. Cairns, Secretary of the 
Mathematical Association of America, 97 Elm Street, Oberlin, Ohio. 

Members of the Central Association are urged to bring the possibility 
of purchase of reprints of the report to the attention of organized groups of 
secondary teachers of mathematics, advisers of students, and boards of 
education. 


* Vol. 41, pp. 779-787, 1941. 
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AVIATION MATERIALS PUBLISHED BY UNITED AIR 
LINES OR DISTRIBUTED BY THEM FREE 
TO TEACHERS 
Since the present supply is limited and since new materials are being added 
from time to time, orders may not be filled exactly as requested. 


Please send all requests for materials, ordering by number, to Department 
of School and College Relations, United Air Lines, 5959 S. Cicero Avenue, 
Chicago, Illinois. 

1. “A Gay Geography’’—depicting in color and playful caricature, points 
of interest along the Main Line from Coast to Coast. (Grades 3 to 8) 

2. Suggested teaching uses of the “Gay Geography.” 

3. “Flying the Airways”—sample pages of ‘Our County From The Air,” 
a geography of the U.S.A. built around 110 full page photos with 110 
pages of description and suggested activities. (Grades 4 to 8) 

4. Teaching suggestions for the above text and for any other good geog- 
raphy of the United States. 

5. “So You’re Going to Fly”—a well written description of a night flight 
from Newark to San Francisco with illustrations in color. (Upper 
grades and high school) 

6 Teaching suggestions to accompany this booklet. 

7. “They Fly Through the Air’’—a playful, realistic introduction to air 
express, picturing with suggestive setting 12 different articles recently 
flown. (Grades 5 to 8) 

8. Suggested teaching uses of ““They Fly Through the Air.”’ 

9. “Ship the Sky Way’’—a very attractive folder on air express, giving 
rates and pertinent facts as well as 8 actual examples where shipping 
the sky way resulted in substantial profits. (Grades 5 to 8) 

10. Teaching suggestions for the use of this folder. 

20. “Flying Through the Air’—a chapter from ‘Science in Our Lives,” 
a fine presentation of air navigation from earliest times, well illustrated 
with teaching problems, summary, questions and activities. (Upper 
grades and high school) 

23. “Qualifications and Requirements of an Airline Stewardess”—2 mime- 
ographed sheets. 

27. Colorful poster material picturing a Mainliner, LaGuardia Field 
Terminal, Meal served on plane, etc. 

28. United Air Lines Time Table with suggested teaching uses, to famil- 
iarize students with railroad, bus, and airline time tables. 

30. Samples of United Air Lines Menu cards with suggested teaching uses. 


RADIO AGE 


Vol. 1, No. 1 of Radio Age came out in October of this year. The editors 
say: 

“Radio Age is a quarterly review of progress in the Radio Corporation 
of America and its associated companies. In story and pictures, the new 
magazine aims to present factually and concisely the news of RCA services 
and activities. 

“Keeping step with the swiftly moving tempo of radio science, art and 
industry, the Editors hope that Radio Age also will catch and reflect the 
fascination found in these fields of endeavor.” 

The first issue, elaborately illustrated, relates the progress of RCA in 
plant expansion, national defense, short wave communication, commerical 
television, applications of the electron microscope, and other topics of 
general interest. It is published quarterly by the Department of Informa- 
tion of the Radio Corporation of America. 
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EFFECTIVE Ginn TEXTS 


for effective teaching 


(Welchons—Kruchenborgor 


Emphasizes the usefulness of geometry in science, industry, art and 
architecture. The clear and direct explanations of principles are sup- 
plemented by photographs to illustrate how they are actually applied 
in everyday life. . . . Divided into logical teaching units. . . . Proposi- 
tions and corollaries are marked to show which are basic and which 
subsidiary. ... Three graded groups of exercises for each lesson. 


SOLID GEOMETRY 


A proven text, this book fulfills all college and technical-school require- | 
ments. Emphasizes selective methods of proof. | 


Ginn and. Company 


BOSTON NEW YORK CHICAGO ATLANTA DALLAS 
COLUMBUS SAN FRANCISCO 




















CENTRAL ASSOCIATION OF SCIENCE AND MATHEMATICS 
TEACHERS, INC. 


APPLICATION FOR MEMBERSHIP 


DED ive: oe ab aneire os apes kG knoe | we 
I hereby apply for membership in Central Association of Science and Mathematics Teachers, 
Inc., and inclose $2.50 as annual membership dues, which includes a year’s subscription to 
School Scien und Mathematics (published monthly October to June inclusive). 
Renewal J] New: Begin Oct. 0 Jan. O 
OE wis. gui watare sate eneaukew wis eh ied bee Cae oe ne & ae ee eee ee 
Last Name First Name 
School Address WYUTETCLEL TCO CCTCLUC TRUE Re Lea eas ee ee 
School City State 
PUOMRE PRGGIONE aoa inks tac seivapined cele sssunag he edei aa aes ea he ween 
Street City State 


Journal will be sent to home address unless otherwise requested 
Check Section in which enrollment is desired: Biology, Chemistry, Elementary Science, 
General Science, Geography, Mathematics, or Physics .....0.0ccccceeeeceeeeees 


Mail this application with $2.50 (Foreign countries $3.00) to W. F. Roecker, 3319 N. 14th St., 
Milwaukee, Wis 
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YOUR OWN TESTS!!! 


Make Them with the Help of JONES’S BOOKLETS 
Real Questions from Actual Examinations 
PROBLEMS & QUESTIONS ON 


CHEMISTRY PLANE GEOMETRY 
PHYSICS SOLID GEOMETRY 
ALGEBRA TRIGONOMETRY & LOGS 


OUTLINES OF PHYSICS BY A. C. PALMER 
Other booklets of real questions in French, Latin, German, and History. 
Information if you ask for it. 
Prices—50 cents each. 
Teacher’s copy free if order for class use follows. Sample copy half price. 


Address 
JONES & JONES, 10109 Wilbur Avenue S.E., Cleveland, Ohio 


SEE OUR CATALOG NO. 48 


@ For complete listings of dependable Chemistry, Physics, Biology 
and General Science laboratory equipment and supplies refer to 


our catalog No. 48. If not on file, write. 


Apyparatus,Company 


J y 4 e 
CLERC Liborator if ( Gugamn Wa 


NORTH ASHLAND AVENUE. CHICAGO. UD. 8. 

















I6TH YEARBOOK 


of the 
National Council of Teachers of Mathematics 


ARITHMETIC 
IN GENERAL EDUCATION 


The final report of the National Council Committee on Arithmetic 


A redirection of arithmetic instruction toward meaningful comprehension on the 
part of the pupil, from his early years through the high school. Enrichment in the 
theoretical and practical phases of arithmetic is supplemented by substantial bib- 
liographies of references and research studies. 
Contents 

I. Introduction. II. The Function of Subject Matter in Relation to Personality. III. 
Curriculum Problems—Grade Placement. IV. Arithmetic in the Early Grades from 
the Point of View of Inter-Relationships in the Number System. V. A Theory 
of Instruction for the Middle Grades. VI. Arithmetic in the Senior High School. 
VII. The Social Phase of Arithmetic Instruction. VIII. Utilizing Supplementary 
Materials and Devices in the Enrichment of the Arithmetic Course. IX. What Be- 
comes of Drill? X. The Evaluation of Learning in Arithmetic. XI. Recent Trends 
in Learning Theory: Their Application to the Psychology of Arithmetic. XII. 
Questions for the Teacher of Arithmetic. XIII. The Interpretation of Research. 
XIV. One Hundred Selected Research Studies. XV. One Hundred Selected Refer- 
ences. Cloth $1.25 postpaid 


BUREAU OF PUBLICATIONS 


Teachers College ° Columbia University . New York 
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? Have you seen these three 
NEW McGRAW-HILL BOOKS 


I. 


THE TEACHING OF 
SECONDARY 
MATHEMATICS 


By Butler and Wren. Deals 
with mathematical instruc- 
tion in secondary schools 
from three angles: the place 
and function of mathematics 
in the curriculum; the effec- 
tive organization and ad- 
ministration of the pro- 
gram; and effective class- 
room instruction. $3.00. 


2. 


THE EARTH AND 
ITS RESOURCES 


By Finch, Trewartha and 
Shearer. Absorbing account 
of our natural environment 
which ably acquaints stu- 
dents with its influence on 
life. Covers both physical 
and economic geography 
with emphasis on the con- 
servation of natural re- 
sources. $2.40. 


3. 


LABORATORY EXER- 
CISES IN PHYSI- 
CAL GEOGRAPHY 


By M. H. Shearer. A labora- 
tory manual to accompany 
The Earth and Its Resources 
offering a practical means of 
awakening more interest in 
the physical geography 
course—of making it more 
useful and efficient. $1.00. 


Write for further information 


McGRAW-HILL BOOK COMPANY, INC. 
330 West 42nd Street, New York 








SCIENCES 








35 West 32nd Street 


CALLS TO YOUTH 


° 
By Raymond F. Yates 





A helpful guide for young people 
who plan a career in any one of 
the sciences. This experienced sci- 
entific writer discusses among 
other important subjects: college 
education versus practical experi- 
ence in science; recent develop- 
ments in science and their influ- 
ences on society ; and the different 
fields of science and the oppor- 
tunities they offer to young people. 


Illustrated $2.00 


D. APPLETON-CENTURY CO. 








New York 








BLACKOUT 
THE SHADOW! 





LOSE to all of us is the threatening 

spectre of tuberculosis. No respecter 
of persons, it lurks in every corner, may 
strike at any moment. More people be- 
tween 15 and 45 die from tuberculosis 
than from any other disease. 


Yet tuberculosis can be driven from 
the face of the earth. Since 1907 your 
Local Tuberculosis Association has helped 
reduce the toll of tuberculosis by 75%! 

By buying Christmas Seals you will 
help us complete the job—and make 
this a safer world for yourself and your 
loved ones. 


Buy 
CHRISTMAS 
amen SEALS 
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ECOLOGY 
Devoted to All Forms of Life in Relation to Environment 


FRANCIS RAMALEY, Botanical Editor 
THOMAS PARK, Zoological Editor 


Established 1920. Quarterly, Official publication of the Ecological Society of America, 
Subscription, $5 a year for complete volumes (January-October). Parts of volumes are 
to be had only at the single number rate. Back volumes as available, $6 each. 

Single eacibes, $1.50 post free. Foreign postage: 40 cents. 


GENETICS 
A Periodical Record of Investigations Bearing on Heredity and Variation 
M. M. RHoApEs, Managing Editor 


Established 1916. Bimonthly. 

Subscription, $6 a year for complete volumes (January-December). Parts of volumes 
are to be had only at the single number rate. Single numbers, $1.25 post free. Back 
volumes, as available, $7 each. Foreign postage: 60 cents. 


LILACS IN THE BROOKLYN BOTANIC GARDEN 
34 pages, 14 illustrations, Price, 25 cents; By mail, 30 cents. 
Orders Should Be Placed With 


The Secretary, Brooklyn Botanic Garden 
1000 Washington Avenue Brooklyn, N.Y., U.S.A. 














A more scientific drill book for Grades 7-12: 


sary UVRILL UNIT 


Clothbound to outlast 6 workbooks 
and save your school 50% up 


The Boyce-Beatty DRILL UNIT is a more efficiently organized drill book 
with seven points of superiority over the typical drill workbooks now avail- 
able. Its supplementary exercises give more fresh drills than are in com- 
peting books. It has improved remedial charts copyrighted by the authors. 
On each process, The DRILL UNIT is self-explanatory. Its inventory tests 
give quicker diagnosis. Emphasis throughout is on accuracy above speed. 
New abilities are covered. And the clothbound DRILL UNIT will outlast 
6 or 8 destructible workbooks, saving your school 50% or more on the 
cost of this item. List price, 85¢. 


30-day approval—or write for literature 


INOR PUBLISHING CO." 
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RHEOSTAT er 
KNOB aa 
CONTROLS 10. 

eoTH 60-CYCLE 
OUTPUT a 
CIRCUITS oneal 


= — D.C.—_— 


OUTPUT. UP TO 6.5 VOLTS 
> 


NOMINAL CURRENT 3 AMPS 


A. 


OUTPUT. UP TO 11 VOLTS 


CAMBOSCO UNIVERSAL 
LOW VOLTAGE SUB-STATIO? 


CAMBOSCO SCIENTIFIC COMPANY 


Used by More than 2000 Schools! 


For FREE TRIAL OFFER, address: 


—- CAMBOSCO SCIENTIFIC COMPANY 


* @ 37 Antwerp St. * Brighton Station * BOSTON 
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Preparation of Manuscripts 
for Publication in 
School Science and Mathematics 


Many articles come to our editorial office before they have been 
put in condition for our use and hence must be rejected. The spelling, 
punctuation, sentence structure, and all mechanics of the manuscript 
should be correct before it is submitted. Do not count on making 
such corrections when you receive the galley proof. All changes in 
proof mean extra expense. This journal is not endowed and all ex- 
penses must be paid out of receipts from subscriptions and advertising. 
It is a cooperative enterprise. Make your original manuscript exactly 
right and perfectly clear. 


Papers for publication should be sent to Glen W. Warner, Editor, 
7633 Calumet Avenue, Chicago, Ill. Return postage should be in- 
cluded if the manuscript is to be returned if rejected. 


Manuscripts submitted should not have been published elsewhere. 
They should be original typewritten copies, double or triple-spaced 
with wide margins on 814” x 11” paper. 


References and footnotes should be numbered consecutively 
throughout the article and indicated by superior numbers. The refer- 
ence or footnote should be set off by rules and placed immediately 
below the citation. 


Bibliography should be given thus: 
FRANKLIN, G. T. “Analysis in First Year Chemistry,” Journal of 
Chemical Education, 7, pp. 361-364, February, 1930. 


Drawings should be made on good quality white paper in black 
India ink. Letters, numbers, etc., which cannot be set in type at the 
margin of the cut must constitute a part of the drawing. They should 
be proportioned to insure legibility in the cut. Illustrations to appear 
as full page productions should be proportioned suitable for a 4” x 7” 
page. 

Tabular Material should be proportioned to suit page width. All 
tables should be double ruled at the top just below table number and 
heading; use single rulings for columns, sub-divisions and bottom. 
References to illustrations and tables should be by number, as “see 
Fig. 3,” and not to position, as “the following table.” It may not be 
possible to set the drawing or table at a specific position with respect 
to the discussion. 


Reprints are supplied only when ordered and at approximate prices 


quoted on Reprint Order Card which will be sent you with galley 
proof. Orders for less than one hundred reprints cannot be accepted. 


Read galley proof as soon as received, indicate corrections clearly 
in pencil and return to the Editor immediately. 
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ITH you, as with us, 

defense comes first. Our 
output of optical Instruments 
is being rapidly increased to 
meet the defense emergency. 
We will endeavor to give our 
customers the best service 
possible under existing cir- 
cumstances, and ask your 
sympathetic cooperation. 


_ 


The Shadow That Speeds The Assembly Line 


| [YROM the production lines of America’s vast 

, 4 industries, flows part after part so identical in 
sze that the last can be interchanged with the first 
and work equally well in the assembled product. 


Interchangeability of parts, the secret of mass 
| production, is attainable only through rigid control 
| ofaccuracy. This high degree of precision is entirely 
/ dependent upon precision instruments such as the 
| Bausch & Lomb Contour Measuring Projector. 


; 


By projecting a magnified shadow image of a 
mechanical part upon a screen, this projector clearly 
reveals to the naked eye errors of ten-thousandths 
ofan inch. With it, gauging of contours—normally 
requiring. hours of measurement and computation 
~can be accomplished in a matter of minutes. It 
Le 
AN- AMERICAN SCIENTIFIC 


INSTITUTION PRODUCING OPTICAL GLASS AND 


permits many measurements that would otherwise 
be impossible except at a great expenditure of time 
and money. And today, if ever, speed and economy 
are vital to national defense! 

Such instruments as the Contour Measuring Pro- 
jector, like the many other Bausch & Lomb pre- 
cision optical instruments used in science, industry 
and education have freed America from any 
dependence on European sources of supply. 


BAUSCH & LOMB 


OPTICAL CO. « ROCHESTER, NEW YORK 
ESTABLISHED 1853 


INSTRUMENTS 


FOR NATIONAL DEF ENSE, EDUCATION, RESEARCH, INDUSTRY AND.EYESIGHT CORRECTION 
Please Mention School Science and Mathematics when answering Advertisements 














ry 


Welch 


TRIPLE-BEAM BALANCE 








No. 4030 


Exclusive Features 


Stainless steel beam 
Cobalite knife-edges 
Covered bearings 
Sensitive level 


Patented one-piece beam con- 
struction 


Base and Pillar—Crystal Finish 


SPECIFICATIONS 


Capacity I 1! g. and with 
extra weight 201 g. 

Sensitivity 0.01 g. or less 
at total capacity 

Beam length 29 cm 

Height over all 30 cm 

Knife-Edges Cobalite 

Bearings grooved agate 


Pan 10 cm diameter 
Each, $175° 


In this balance made of high-grade 
stainless steel down to the last screw 
and washer and with the knife edges 


and bearings of agate 


There is. nothing 
Loft. to corrode! 


WRITE.FOR COMPLETE CIRCULAR 


W. M. Welch Scientific Company 


Established 1880 


1515 Sedgwick Street 


Chicago. Illinois.U.S.A. 
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